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© An actuator used shape memory alloy and a 
display conversion device of signs characterized in 
that, in the actuator equipped with a shape memory 
alloy allowing a movable body to work in one direc- 

ation by the restoration force to the memorized shape 
at the time of temperature rising, a control base 
^standing opposite to at least part of said movable 
gjbody & provided, concave portions are provided to 
Of) one of said movable body and control base and, at 
{0the same time, a control element is provided to the 
pother thereof to guide said control element to said 
W concave portion and to press said concave portion 
^and control element against one another by a fixed 
resilience. 
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Actuator used shape memory alloy and display conversion devic of signs 



BACKGROUND OF THE INVENTION 

The present invention relates to an one-direc- 
tional or two-directional actuator used a "shape 
memory alloy and a display conversion device of 
signs used this actuator. 

One directional actuators of this type are con- 
stituted to allow-a movable body workable in one 
<MtQd3ort to work by the restoration force to the 
memorized shape of shape memory alloy at the 
time of temperatuer rising and are proposed to use, 
for example, for the automatic opening of flue gas 
duct at the time of fire etc. 

Moreover, two-directionaJ actuators used the 
shape memory alloy are constituted from a mov- 
able body provided so as to work in two directions 
with in a fixed range, a shape memory alloy pro- 
vided so as to allow said movable body to work in 
one direction by the restoration force to the memo- 
rized shape at the time of temperature rising and a 
bias spring or a weight allowing said movable body 
to work in other direction by exerting the bias force 
at the time of temperature lowering when said 
shape memeory alloy becomes soft, and are used 
for the automatic opening and shutting of ventilat- 
ing window etc., top and bottom switching of air 
conditioner serving for both cooling and heating 
and of louver, and the like. 

Said movable body is allowed to work in the 
direction of restoration thereof from a point of time 
when the restoration force of the shape memory 
alloy becomes more than the bias force due to the 
spring or the weight between a time when the 
temperature at a position of the installation of ac- 
tuator reaches a temperature at which the shape 
memory alloy brings to be transformed to the 
austenite phase (hereinafter referred to as "As 
point") and a time until it rises to a temperature at 
which the transformation to the austenite phase 
completes (hereinafter referred to as "Af point"), 
and it is allowed to work in the acting direction of 
the bias force from a point of time when said bias 
force becomes more than the force of the shape 
memory alloy between a time when the tempera- 
ture at said position of the installation is lowered to 
a temperature at which the shape memory alloy 
begins to be transformed to the martensite phase 
(hereinafter referred to as "Ms point") and a time, 
until it falls to a temperature at which the trans- 
formation to the martensite phase completes 
(hereinafter referred to as "Mf point") 

Th shape memory alloy repeats the trans- 
formation to the austenite phase and that to th 
martenslt phase according to the change in tem- 
perature and allows various ones as described 



above to be driven by the restoration force when 
transformed to the austenite phase. In the case of 
rapid change in temperature, the transformation 
progresses rapidly, but. in the case of slow change 
s . in temperature such as the change in air tempera- m 
ture for example, the transformation progresses 
gradually. 

And, in the cases of flue gas duct etc., it is 
desirable for them to be opened at a stroke when 

w rising to a fixed temperature. With the conventional 
one-directional actuators, however, the working is 
slow so long as the temperature rising is not steep. 
Thus, when using them, for example, for the open- 
ing of flue gas duct etc., it is sometimes impossible 

75 to open the duct at a stroke. 

Moreover, when applying the actuator used the 
shape memory alloy to the driving for the display 
conversion device of road signs as proposed pre- 
viously by the inventors (Japanese Utility Model 

20 Application No. Sho 62-120196), for example, when 
converting from a display of "Run with Care" to 
"Beware of Freezing" at a temperature lower than 
a certain temperature and converting this to the 
display of "Run with Care" at a temperature higher 

25 than a certain temperature, conventional two-direc- 
tional actuators work only slowly according to the 
change in air temperature. As a result, the display 
cannot be converted at a stroke and no accurate 
display is made on the way of conversion causing 

30 a problem of half-finished display. 

The purpose of the invention is to improve 
such a drawback of the actuator used the shape 
memory alloy and to provide an one-directional or 
two-directional actuator being made to work rapidly 

35 at a predetermined temperature even when the 
change in temperature is slow. 

Moreover, the shape memory alloys have a 
common characteristic that there are gaps of tem- 
perature between As point and Mf point and be- 

40 tween Af point and Ms point (this is said as 
"temperature hysteresis") as exemplified, for ex- 
ample, in Fig. 32. 

Since no measures are taken to said tempera- 
ture hysteresis with conventional actuators of this 

45 type, there has been a drawback that the tempera- 
ture to allow the movable body to work in one 
direction is different from that to allow it to return In 
other direction due to that the temperature at which 
the restoration force and the bias force are ba!« 

so anced in the process of the shape memory alloy 
being transformed to the austenite phase and the 
temperature at which the force of alloy becoming 
weak in the process being transformed to the mar- 
tensite phase and th bias force are balanced ar 
different from each other. 
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That is to say, in the example of Fig. 32, if the 
temperature at which the force generated on the 
shape memory alloy at the time of temperature 
rising and the bias force are balanced is Tw, the 
temperature at which the decreasing force of said 
shap memory alloy at th tim of temperature 
towering and the bias force are balance will be- 
come T. 

In addition, from the same reason, the tem- 
perature to allow the movable body to work in one 
direction and that to allow it to return in other 
direction cannot be adjusted arbitrarily. 

The invention has also a purpose to mechani- 
cally solve the problem due to the temperature 
hysteresis aforementioned and to provide an ac* 
tuator of improved type with which the working 
temperature of movable body to both directions 
can be adjusted arbitrarily and easily within a range 
after the force of the shape memory alloy and the 
bias force have been balanced. 

SUMMARY OF THE INVENTION 

An actuator used shape memory alloy and a 
display conversion device of signs characterized in 
that in the actuator equipped with a shape memory 
alloy allowing a movable body to work in one 
direction by the restoration force to the memorized 
shape at the time of temperature rising, a control 
base standing opposite to at least part of said 
movable body is provided, concave portions are 
provided to one of said movable body and control 
base and, at the same time, a control element if 
provided to the other thereof to guide said control 
element to said concave portion and to pr^ss said 
concave portion and control element against one 
another by a fixed resilience are disclosed. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of necessary portion 
showing one example of actuators in accordance 
with the invention. 

Fig. 2 is a cross section across an arrow A-A 
in Fig. 1. 

Fig. 3 is a partially broken backside view 
showing one example of display conversion de- 
vices used said actuator for the driving of the 
display conversion of signs. 

Rg. 4 is a cross section across an arrow 8-B 
in F.g 3. 

Rg. 5 is a bottom view of the device in Fig. 

3. 

Fig. 6 is a front vi w showing other example 
of dispaly conversion devices of signs used said 
actuator. 



Fig. 7 is a front view showing a state re- 
moved the fromt sign board from the device in Fig. 
6. 

Fig. 8 is a partially magnified cross section 
5 across an arrow C-C in Fig. 7. 

Fig. 9 is a partial plan view showing other 
example of actuators in accordance with the inven- 
tion. 

Rg. 10 is a partial cross section showing still 
70 other example of actuators. 

Rg. 1 1 is a cross section across an arrow D- 
D in Rg. 10. 

Rg. 12 is a partiaf cross section showing still 
more other example. 
ts Rg. 13 is a cross section across an arrow E- 

Ein Rg. 12. 

Rg. 14 is a partially broken plan view show- 
ing still more other example. 

Rg. 15 is a partial cross section showing still 
20 more other example. 

Rg. 16 is a cross section across an arrow F- 
Fin Rg. 15. 

Rg. 17 is a cross section showing still more 
other example. 
2s Rg. 18 is a longitudinal cross section of 

actuator in accordance with the invention. 

Rg. 19 is a partially omitted plan view there- 
of. 

Rg. 20 is a partially omitted cross section 
30 across an arrow G-G in Rg. 18. 

' Rg. 21 is a partially broken backside view of 
an example used said actuator as a driving device 
• for the display conversion of sign. 

Rg. 22 Is a partially omitted cross section 
35 across an arrow H-H in Rg. 21. 

Rg. 23 is a bottom view of the example in 
Rg.21. 

Rg. 24 (a), (b) and (c> are partially broken 
plan views showing other example of actuator. 
40 Rg. 25 is a partially broken plan view show- 

ing still other example. 

Rg. 26 is a partial cross section showing still 
more other example. 

Rg. 27 is a partial cross section showing still 
46 more other example. 

Rg. 28 is a partially omitted cross section 
showing still more other example. 

Rg. 29 is a cross section across an arrow l-l 
in Rg. 28. 

so Rg. 30 is a cross section across an arrow J- 

J in Rg. 29. 

Rg. 31 is a cross section showing still more 
other example. 

And, Rg. 32 is a chart showing an example 
55 fo relationship between temperature and force 
when the shape memory alloys are transformed. 
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Illustration of main marks in the drawings: 

Reference numeral 1 is a movable body. Nu- 
merals 12 and 13 are concave portions. Numerals 
14 and 15 are stoppers. Numeral 16 is a case. 
Numeral 17 is a slide piece. Numerals 2, 21, 22 23 
and 25 are axes. Numeral 3 is a rope wheel. 
Numeral 4 is -a shape memory alloy. Numeral 5 is 
a bias spring. Numerals 41 and 51 are wire ropes. 
Numeral 5a is a weight. Numeral 6 is a control 
base. Numeral 60 is a control element Numeral 61 
is a case. Numeral 62 is a slide piece. Numeral 63 
is a spring. Numeral 64 is a screw. Numeral 66 is 
an accommodating section. Numeral 67 is a hole. 
Numeral 70 is a side frame. Numeral 71 is a 
baseplate. Numeral 72 is a ceiling plate. Numeral 8 
is a displaying body. Numerals 8a, 8b and 8c are 
display planes. Numeral 6d and 8e are coupled 
displays. Numeral 8' is a rotatable display disc. 
Numeral 83 is a case. Numeral 85 is a sign board. 
Numeral 86 is a display window. Numerals 101, 
111 and 112 are movable bodies. Numeral 110 is a 
supporting frame. Numerals 113 and 114 are con- 
cave portions. Numerals 101b and 101c are stop- 
pers. Numerals 102, 121, 122 and 123 are axes. 
Numeral 124 is a gear wheel. Numeral 103 is a 
rope wheel. Numerals 104 and 105 are spring 
cases. Numerals 141, 151 and 145 are control 
elements. Numerals 142 and 152 are springs. Nu- 
merals 143 and 153 are holders. Numerals 144 and 
154 are adjusting screws for springs. Numeral 106 
is a shape memory alloy. Numeral 107 is a bias 
spring. Numeral 108 is a displaying body. Nu- 
merals 108a and 108b are display board. And, 
numerals 109 and 109a are control bases. 



DETAILED DESCRIPTION OF THE INVENTION 

In the one-directional actuator in accordance 
wfth the invention, a control base is provided in 
opposition to at least part of a movable body, 
concave portions are provided to one of said mov- 
able body and control base and, at the same time, 
a control element is provided to the other thereof 
so that said control element is guided to siad 
concave portion and said concave portion and con- 
trol element are pressed against one another by a 
fixed resilience for the accomplishment of said 
purpose. 

Furthermore, in the two-directional acuator in 
accordance with the invention a control base in 
opposition to at least part of a movable body is 
provided, concave portions are provided to one of 
said movable body and said control base separat- 
ing them at an intervaj corresponding to a working 
range of said m vable body and, at the same time 
a control element to be guided to said concave 



portion by the working of said movable body is 
provided to the other thereof so that said concav 
portion and control element are pressed against 
one another by a fixed r silience in a state of said 
5 control element being guided to one of said con- 
cave portions for the accomplishment of said pur- 
pose. 

In either case aforementioned, the movable 
body is constituted so as to rotate around an axis 
w or to work linearly depending on the use of ac- 
tuator. 

The restoration force of said shape memory 
alloy and the bias force of the spring, weight or the 
(ike may be directly transmitted to the movable 

is body or indirectly transmitted by a suitable trans- 
mission mechanism in structure. 

To said shape memory alloys, what sort of 
shape memory alloys such as Ni-Ti type alloy, Cu- 
Zn-AI type alloy, Cu-Al-Ni type alloy, Fe type alloy, 

20 etc. can be applied. 

Moreover, the shape of shape memory alloys 
is generally coil spring-shaped, but other shapes, 
for example, plate spring-shaped can also be used 
without being limited to this shape. 

25 The control element to be guided to the con- 
cave portion causes the friction with the movable 
body when providing it on the side of control base 
and causes the friction with the control base when 
providing it on the side of movable body. Thus, it is 

30 desirable to constitute by using a roller of ball in 
order to make the frictronal resistance as small as 
possible. 

Moreover, it is desirable to constitute in a way 
that the resilience, of spring etc. to press the control 

35 element and the concave portion against one an- 
other is adjustable with an adjustable screw etc. 

Furthermore, in order to accomplish said pur- 
poses, the actuators have been made to have 
improved structures as below in the invention. 

40 Ftrst, a plurality of movable bodies regulated 
so as to work in two dierctions within a fixed range, 
a shape memory alloy to allow said each movable 
body to work in one direction by the restoration 
force to the memorized shape at the time of high 

45 temperature and a bias spring or a weight to allow 
said each movable body to work in other direction 
at the time of low temperature are provided and a 
control element pressed by a spring inserted into a 
spring case in a state of the resilience being ad- 

so justable with an adjusting screw is allowed to con- 
tact under pressure with said each movable body, 
fn part of said movable bodies, a concave portion 
is formed, to which the control element in contact 
with said movable body when said movable body 

55 works in one direction is guided and. at the same 
time, in other movable bodies, a concav portion is 
formed, to which th control element in contact 
with said movable body when said movable body 
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works in other direction is guided. 

Secondly, a movable body regulated so as to 
work in two directions within a fixed range, a shape 
memory alloy to allow said movable body to work 
in one direction by the restoration force to the 
memorized shape at the time of high temperature 
and a bias spring or a weight to allow said movable 
body to work in other direction at the time of Jow 
temperature are provided and a plurality of control 
elements pressed by springs each inserted into a 
spring case in a state of the resilience being ad- 
justable with adjusting screws are allowed to con- 
tact under pressure with said movable body. In 
said movable body, a concave portion is formed, to 
which part of said control elements is guided when 
said movable body works in one direction and, at 
the same time, a concave portion is formed, to 
which other control elements are guideded when 
working in other direction. 

Thirdly, a plurality of movable bodies regulated 
so as to work in two directions within a fixed range, 
a shape memory alloy to allow said each movable 
body to work in one direction by the restoration 
force to the memorized shape at the time of high 
temperature and a bias spring or a weight to allow 
said each movable body to work in other direction 
at the time of low temperature are provided, a 
control base standing opposite to said each mov- 
able body is provided, a spring case inserted a 
spring, the resilience thereof being adjustable "with 
an adjusting screw, is provided to said each mov- 
able body and, at the same time, each control 
element pressed by said spring is allowed to con- 
tact under pressure with said control base. In said 
control base, a concave portion is formed, to which 
part of said control elements is guided when said 
movable body works in one direction and, at the 
same time, a concave portion is formed, to which 
other control elements are guided when each said 
movable body works in other direction. 

In this constitution, the control bases may be 
provided each separately corresponding to each 
movable body, or one control base corresponding 
to each movable body may be provided. 

Fourthly, a movable body regulated so as to 
work in two directions within a fixed range, a shape 
memory alloy to allow said movable body to work 
in one direction by the restoration force to the 
memorized shape at the time of high temperature 
and a bias spring or a weight to allow said movable 
body to work in other direction at the time of low 
temperature are providded, a control base standing 
opposite to said movable body is provided, a plu- 
rality of spring cases each inserted a spring, the 
resilience thereof being adjustable with an adjust- 
ing screw, are provided to said movabl body and, 
at the same tim , each contort el ment press d by 
said each spring is allow d to contact under pr s- 



sure with said control base. In said control base, a 
concave portion is formed, to which part of said 
control elements is guided when said movable 
body works in on direction and, at the same tim , 
5 a concave portion" is formed, to which other control 
elements are guided when working in other direc* 
tion. 

Fifthly, a movable body in a state of being 
workable linearly in both directions within a fixed 

70 range, a shape memory alloy to allow said movable 
body to work in one direction by the restoration 
force to the memorized shape at the time of high 
temperature and a bias spring or a weight to allow 
said movable body to work in other direction at the 

75 time of low temperature are provided, a control 
element is attached to said movable body, and a 
control base being possible to progress or retreat 
to the direction of said control element within a 
fixed range is provided facing to the working range 

20 of said control element To said control base, a 
concave portion, to which said control element is 
guided when said movable body works in one 
direction, and a concave portion, to which said 
control element is guided when said movable body 

25 works in other direction, are provided, and said 
control base is pressurized in the position of said 
each concave portion by a spring inserted into 
each spring case in a state of the resilience being 
adjustable with each adjusting screw to contact 

30 said control base with said control element 

Moreover, in the signs having such a structure 
that, by providing a displaying body attached with 
two different displays to the surface and by allow- 
ing said displaying body to work with driving de- 

35 vice in two directions within a fixed range accord- 
ing to a predetermined change in temperature, one 
of two displays in said displaying body is shown 
selectively, each actuator as described above has 
been used for the driving device to constitute, 

40 display conversion devices for the purpose of 
keeping the working temperature of said displaying 
body in both directions constant and adjusting ar- 
bitrarily it within a fixed range. 

As previously mentioned, in order to decrease 

45 the friction between the control element and the 
movable body or the control base and to help the 
control element escape at a troke from said con* 
cave portion, to which it is guided, at the time of 
rising or falling to a predetermined temperature, it 

so is preferable to use a roller or ball freely to roll for 
the control element 

When using roller for the control element a 
slidable holder is provided at the tip of spring, to 
which the roller is held. 

55 When using boll for the control element this 
may be held at th tip of spring or may be held by 
a slidable holder provide at the tip of spring. 

In the one-directional actuator constituted as 
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above, th control elem nt is pressed against the 
concave portion by a fixed resilience. Hence, when 
the shape memory aiioy begins to be transformed 
to the austenite phase due to the gradual rising in 
temperature, it does not work until' the restoration 
force thereof increases gradually and becomes 
stronger than the resilience pressing the control 
element and the concave portion against one an- 
other, if excluding the weight etc, of components 
worked by said actuator, and the restoration force 
of shape memory alloy is accumulated. At a point 
of time when the restoration force becomes stron- 
ger than said resilience, therefore, said control ele- 
ment escapes from said concave portion to work at 
a stroke. 

Thus, the flue gas duct etc. can be worked 
rapidly. 

Moreover, even in the two-directionai actuator 
constituted as above, when the shape memory 
alloy begins to be transformed to the austenite 
phase due to the gradual rising in temperature, the 
restoration force of shape memory alloy is accum- 
lated until reaching a fixed temperature. Hence, 
after reached said fixed temperature, the control 
element escapes from said concave portion to work 
at a stroke. 

On the other hand, even when said shape 
memory alloy begins to be transformed to the 
martensite* phase due to the gradual lowering in 
temperature and the bias force becomes stronger 
than the force of alloy, this does not work imme- 
diately to the reverse direction and is accumulated 
until exceeding the resilience, by which the bias 
force presses the control element and the concave 
portion against one another, after the bias force 
and the force of alloy have been balanced. At a 
point of time when the bias force is more than said 
resilience due to the further lowering in tempera- 
ture, the control element escapes from said con- 
cave portion to work at a stroke. 

When applying this to the driving for the dis- 
play conversion of signs, therefore, the display can 
be converted rapidly even tf the change in tem- 
perature is slow. 

Moreover, since the improved type actuator in 
accordance with the invention is constituted as 
described above, when the movable body works in 
one direction and when it works in other direction, 
the work of movable body is suppressed each 
separately by the control elements being guided to 
the concave portion of the movable body or the 
control base and pressurized with different springs, 
respectively, and the resilience of the springs pres- 
surizing each control element against the movable 
body or the control base is adjusted with adjusting 
screws. Thereby, within a range from the tempera- 
ture at which the force of shape memory alloy and 
the bias force are balanced to Af point and within a 



range from the temperature at which the force of 
shape memory alloy and the bias force are bal- 
anced to the Mf point, the working temperature of 
the movable body can be adjusted arbitrarily and 
5 easily. 

Furthermore, since the control elements to sup- 
press the work of movable body each separately in 
both directions are guided to each separate con- 
cave poriton formed in the movable body or the 

io control base, the restoration force of shape mem- 
ory alloy at the time of high temperature and the 
bias force at the time of low temperature are accu- 
mulated in this position. As a result, the control 
element escapes from said concave portion at the 

is time of having become the predetermined tempera- 
ture to work the movable body at a stroke. 



Example 1 

20 

In Fig. 1 and Fig. 2, the constitution of such 
that.a movable body 1 comprising a rotatable plate 
in the shape of cam is fixed to an axis 2 pivoted 

2S freely to rotate to the machine frame etc. not 
shown in the diagrams and, at the same time, a 
rope wheel 3 is fixed and said rope wheel 3 is 
wound with Wire rope 41 and 42 so that the mov- 
able body 1 can rotate in both directions by con- 

30 necting one end of a coil spring-shaped shape 
memory alloy 4, other end thereof being fixed to 
the attachment etc. not shown in the diagrams, to 
one wire rope 41 and by connecting one end of a 
bias spring 5, other end thereof being fixed to the 

35 attachment etc. not shown in the diagrams, to other 
wire rope 51. 

in the periphery of small arc portion 11 of 
movable body 1, concave portions 12 and 13 are 
formed separating them at an interval correspond- 

40 ing to the rotative range of said movable body 1 
and a control base 6 is fixed to the attachment 7 
mounted to machine frame etc. not shown in the 
diagrams so as to stand opposite to said small arc 
portion 11. To the tip of this control base 6 on the 

45 side of facing to said movable body 1, a control 
element 60 comprising a roller is attached and this 
control element 60 is guided to said one concave 
portion 12. 

The control base 6 in this example is con- 
so stituted with a case 61 having an opening in the 
direction of movable body 1 and a slide piece 62 
inserted so as to be possible to advance or retreat 
into said base 61 toward the direction of said 
movable body 1. To the tip of slide piece 62. said 
55 control element 60 is attach d freely to roil. Be- 
tween a screw 64 protruded from the rear end of 
case 61 and the slide piece 62, a spring 63 is 
allowed to lie and the control lement 60 is 
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pressed against said concave portion 12 by the 
resilience of this spring 63. 

Th resilience of spring 63 can be adjusted by 
a screw 64. 

The state shown in the diagrams is a state (soft 
state) wherein the shape memory alloy 4 resides in 
the martensite transformation. When the shape 
memory* altoy 4 reaches a temperature to begin the 
austenite transformation (As point) due to the grad- 
ual rising in ambient temperature, the shape mem- 
ory alloy 4 increases gradually, the restoration 
force thereof (to the direction of contraction in this 
example) with a rise of temperature, but since said 
control element 60 is pressed against the concave 
portion 12 by spring 63, said restoration force is 
balanced with a force summed up the bias force of 
the bias spring 5 and the friction etc. of the axis 2 
etc. toward the direction of rotation, and further it is 
accumulated until exceeding the resilience of 
spring 63. Hence, when the restoration force sur- 
passes and the control element 60 escapes from 
the concave portion 12 opposing against the resil- 
ience of spring 63, the movable body 1 rotates at a 
stroke in the direction of an arrow a in Rg. 1 and 
the stopper 14 of the movable body 1 runs against 
the case 61 of control base 6 to stop. At this time, 
a state is realized wherein the control element 60 
has been guided to other concave portion 13. 

On the other hand, when the shape memory 
alloy 4 reaches a temperature to begin the marten- 
site transformation (Ms point) due to the gradual 
lowering in ambient temperature, the alloy 4 be- 
comes gradually soft to lose the force thereof and 
does not work toward the direction of bias even if 
the force may decrease to less than the bias force 
of bias spring 5, but the bias force is accumulated 
until said bias force exceeds the resilience of 
spring 63 pressing the control element 60 against 
the concave portion 13. Hence, when the bias force 
exceeds said resilience and the control element 60 
escapes from said concave portion 13, the movable 
body 1 rotates at a stroke in the direction of an 
arrow b in Rg. 1 by the bias force accumulated 
and other stopper 15 of the movable body 1 runs 
against the case 61 to stop in the state shown in 
the diagrams. 



Example 2 



In this example, an example used said actuator 
for the driving for the display conversion of signs 
(road signs) will be illustrated referring to Rg. 3 
through Rg. 5. 

Between right and left side frames 70 and 70 
standing upright a base plate 71 and a ceiling 
plate 72 are fixed and axes 21, 22 and 23 are 



pivoted freely to rotat to the base plate 71 and 
ceiling plate 72 at equal intervals. Top and bottom 
plates 81 and 82 of regular triangle are fixed to 
respective axes 21, 22 and 23 and, between these 

5 plates 81 and 82, two plates are fixed to constitute 
each displaying body 8 having a plurality of display 
planes 8a and 8b, respectively, which face to the 
circumferential direction of respective axes 21, 22 
and 23 and which form an angle of 60 degrees 

to each other between adjacent ones. On the dispiay 
planes 8a, 8a and 8a, a display well organized as a 
whole, for example, a display of "Beware of Freez- 
ing", is provided and, on other display planes 8b, 
8b and 8b, a display well organized as a whole, for 

T5 example, a display of "Run with Care" is provided 
(The diagrams show the displays in Chinese char- 
acters). 

To the positions of respective axes 21 , 22 and 
23 being protruded downward from the base plate 

20 71, a gear wheel 24 is fixed, respectively, so as to 
be mutually transmitted and, at the same time, to 
the lower end of axis 21, a rope wheel 3 is fixed. 
Around this rope wheel 3, wire ropes 41 and 51 are 
wound to connect the rope 41 to one end of the 

25 coil spring-shaped shape memory alloy 4 via a 
regular pulley 42 (Rg. 5) and to connect the rope 
51 to one end of the bias spring 5 via a regualr 
pulley 52. Other ends of the shape memory alloy 4 
and the bias spring 5 are fixed, respectively, to 

30 attachments 73 and 73 mounted to right and left 
side frames 70 and 70. 

To the lower end of axis 22, a movable body 1 
similar to that is siad Example 1 is fixed and a 
control base 6 similar to that in said Example 1 is 

55 attached to an attachment 7 fixed to the side frame 
70 so as to stand opposite to a small arc portion 1 1 
(Rg. 5) of the movable body 1. A roller-shaped 
control element 60 is attached to the rip of a slide 
piece 62 in this control base 6 and a state is 

40 realized, wherein this control element 60 is pressed 
against a concave portion 12 of said small arc 
portion 11 by a spring 63 pressed with an adjusting 
screw 64. 

Displaying bodies 8, 8 and 8 are fixed together 
46 with each side frame 70 to a case having a trans- 
parent plate in front which is not shown in the 
diagrams. 

When using the actuator in accordance with 
the Invention for the driving for the display conver- 

so sion of signs in this way, the shape memory alloy 4 
having such a characteristic that the temperature at 
which the freezing of road is thawed is lower than 
the temperature to complete the austenite trans- 
formation (Af point) of shape memory alloy 4 and 

55 the temperature at which the road is frozen is 
higher than the temperature to complete the mar- 
tensite transformation (Mf point) of shape m mory 
alloy 4 is used. 
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When the air temperature rises and reaches a 
temperatur at which the frozen road is thawed out 
the control el ment 60 escapes from the concave 
portion 12 and simultaneously, by a force gen- 
erated when the shape memory alloy 4 Is trans- 
formed to the austenite phase, the movable body 1 
rotates at a stroke so as to allow the axes 21, 22 
and 23 to rotate by 120 degrees resulting in the 
rapid conversion of a display in front on each 
display plane da to a display on each display plane 
8b. 

Moreover, when the temperature at the place of 
the installation falls further to a fixed temperature, 
the bais force of bias spring 5 acts rapidly and 
each displaying body 8 rotates at a stroke in the 
reverse direction to that aforementioned resulting in 
the rapid conversion of a display on each display- 
ing body 8 to the state shown in the diagrams. 



Example 3 



Fig. 6 through Fig. 8 shown an other example 
used the actuator in Example 1 for the driving for 
the display conversion of signs. A transparent dis- 
play window 86 is provided to a sign board 86 in 
front of a case 83 supported by a pole 84 and, 
inside the case 83, an axis 25 is pivoted freely to 
rotate to the sign board 85 and a backside plate 
87. To this axis 85, a rotatable display disc 8' 
having a plurality of different coupled displays 8d 
and 8e on a surfacial display plane 8c is fixed to 
display selectively one of the different coupled 
displays 8d and 8e from the display window 86 
when rotating the rotatable display disc by 90 
degrees. 

The display disc 8' serves also as a rope 
wheel and, around this, a wire rope 41 is wound, to 
one end of which the shape memory alloy 4 is a 
connected and to other end of which a weight 5a is 
connected. 

The other end of the shape memory alloy 4 is 
connected to an attachment 43 fixed inside the 
case 83 and, at the same time, the weight 5a is so 
constituted that, when the shape memory alloy 4 
has been transformed to the martensite phase, it is 
placed on an attachment 53 mounted inside the 
case 83. 

To said axis 25, the movable body 1 is fixed on 
the backside of the display disc 8' and, facing to 
this movable body 1, a control base 6 having same 
structure as in Example 1 is provided and said 
control base 6 is attached to the backside plate 87 
of the case 83. 

The rotatable displaydisc 8' rotates counter- 
clockwise by 90 degrees as in Rg. 7 when the 
shape memory alloy 4 .is subject to the austenite 



transformation to convert the coupled display 8d in 
the display window 86 to other coupled display 8e 
and rotates clockwise by 90 degrees as in Rg. 7 
when the shape memory alloy 4 is subject to the 
5 martensite transformation to return the display in 
the display window 86 to other display 8d again. 

In this example, too, the rotation of rotatable 
display disc 8' is rapid to convert the display at a 
stroke. 

10 

Example 4 



15 In the example aforementioned, the concave 
portions 12 and 13 were provided to the movable 
body 1, but it is also possible to practice as fol- 
lows: As shown in Fig. 9, a control base 6 having a 
concave arc portion 65 is fixed to the machine 

20 frame 7a etc., concave portions 12 and 13 standing 
opposite to a movable body 1 are formed in this 
concave arc portion 85, and a case 16 opening 
toward the direction of said control base 6 is fixed 
to the movable body 1. At the same time, a slide 

25 piece 17 to advance or retreat in the direction of 
control base 6 is provided in the case 16 and, by 
allowing this slide piece 17 to hold a control ele- 
ment 60 comprising a roller, the control element 60 
is provided on the side of the movable body 1 so 

30 that said control element 60 is pressed against the 
concave portions 12 and 13 by a spring 63 pressed 
with a screw 64. 

In this case, stoppers 14 and 15 are provided 
to the control base 6 and, when the movable body 

3$ 1 rotates, the case 16 attached to the side of 
movable body 1 runs against the stopper 14 or 15, 
thereby the working range of the movable body 1 
can be regulated in constitution. 

Since other constitution and function in this 

40 -example are same as those in Example 1, the 
illustration thereof will be omitted. 



Example 5 

45 

In Example 1 aforementioned, the constitution 
was such that the control element 60 ran against 
the periphery of the movable body 1, but, instead 

sq of such constitution, it is also possible to practice 
as follows: For example, as shown in Rg. 10 and 
Rg. 11, an axis 2 is attached freely to rotate to a 
fixed base 7b, a movable body 1 and a rope wheel 
3 are fixed to this axis 2, a control base 6 similar to 

55 that in Example 1 is fixed to the machine frame 7a 
etc. in a state of standing opposite to one face of 
said movable body 1, and concave portions 12 and 
13 are formed in said one fac .of the movable 
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body 1 separating each other, at an interval cor- 
responding to the working rang of said movable 
body 1 so that a control element 60 provided on 
the side of control base 6 is pressed against the 
concave portion 12 or 13 by a spring 63. s 

In this example, stoppers 14 and 15 to form the 
working range of the movable body 1 are attached 
to suitable positions on said one face of the mov- 
able body 1, 

Since other constitution and function in this 10 
example are same as those in foregoing Example 
1 , the illustration will be omitted. 



Example 6 is 



Further, instead of the structure in Fig, 10 and 
Fig, 11. it is also possible to practice as follows: As 
shown in Fig. 12 and Fig. 13, a plate-shaped con- zo 
trol base 6 is fixed to the machine frame 7a eta in 
a state of standing opposite to one face of a 
movable body 1 and concave portions 12 and 13 
are formed in the face of the control base 6 stand- 
ing opposite to said movable body 1. At the same 25 
time, a case 16 opening toward the direction of 
said control base 6 is fixed to the movable body 1. 
a slide piece 17 being possible to advance and 
retreat in the direction of the control base 6 is 
provided in this case 16, and a roller-shaped con- 30 
trol element 60 is held to this slide piece 17 so that 
said control element 60 is pressed against the 
concave portion 12 by a spring 63 pressed with a 
screw 64. 

In the case of this example, stoppers 14 and 35 
15 to regulate the working range of the movable 
body 1 are provided to the control base 6. 

Since other constitution and function in this 
example are same as those in Example 5 shown in 
Fig. 10 and Fig, 11, the illustration will be omitted. 40 



Example 7 



In the actuators in respective examples afore- 
mentioned, the constitution was such that the con- 
trol element 60 was pressed against respective 
concave portions 12 and 13 by the spring 63, but 
replacing such structure, it is also possible to prac- so 
tice as follows: For example, as shown in Fig. 14, a 
roller-shaped control element 60 is attached freely 
to roll to the side of a movable body 1, a control 
base 6 is inserted freely to slide in the direction of 
said movable body 1 into an accommodating sec- 55 
tion 66, and concave portions 12 and 13 to which 
th control element 60 is guided are formed in the 
face of this control base 6 standing opposite to the 



movable body 1 so that the control base 6 is 
pressuriz d to th direction of the movable body 1 
by a spring 63 press d with a screw 64 to pr ss 
the concave portions 12 and 13 and the control 
element 60 against one another. 

In this example, an axis 2 is pivoted freely to 
rotate, for example, to the bottom of a housing . 7c 
with base, the movable body 1 comprising a rotat- 
abte disc is fixed to this axis 2, and said accom- 
modating section is formed inside the housing 7c, 
In this structure, stoppers 14 and 15 formed in the 
movable body 1 run against the tip of the accom- 
modating section 66 to regulate the working range 
of the movable body 1. 

Moreover, the ends of the shape memory alloy 
4 and the bias spring 5 are fixed directly to the 
necessary positions of the movable body 1, re- 
spectively, and the other ends thereof are fixed to 
the necessary positions of the housing 7c, respec- 
tively. 

Since the function in this example is same as 
that in respective examples aforementioned, the 
illustration wilr be omitted. 



Example 8 



Fig. 15 and Fig. 16 show a still other example 
and the constitution is as follows: A rail-shaped 
control base 6 being on a fixed base 7b and having 
a groove is fixed and, into this control base 6, a 
movable body 1 with a predetermined length hav- 
ing flanges 1a and 1a in the bottom of both longitu- 
dinal sides, is inserted freely to slide. Concave 
portions 12 and 13 are provided to the bottom face 
of the movable body 1 separating each other at an 
interval corresponding to the working range of said 
movable body 1, a spring 63 is inserted into a hole 
63 provided passing through the control base 6 
toward said movable body 1, and a control element 
60 comprising a ball is held freely to roll to the tip 
of this spring 63 so that the spring 63 is com- 
pressed with a screw 64 from bottom to press the 
control element 60 against the concave portion 12 
or 13. 

To the movable body 1, wire ropes 41 and 51 
are connected. The other end of the wire rope 41 is 
connected to a shape memory alloy not shown in 
the diagrams and that of the wire rope 51 is con- 
nected to a bias spring not shown in the diagrams, 
respectively, so that the movable body 1 slides 
between stoppers 14 and 15 provided to the con- 
trol base 6 according to the predetermined change 
in temperature. 

In this example, th sliding work of the mov- 
able body 1 in two directions may be used as it is 
as a driving force, but the movable body 1 may be 
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constituted rack-shaped and combined with a pin- 
ion 9 to convert to the driving force in the direction 
of rotation as shown in the diagrams. 

The mode to use the sliding work of the mov- 
able body 1 as it is as a driving force is suitable for 
the driving for the display conversion of signs 
wherein, for example, two different displays are 
given to the display disc sliding along a fixed guide 
and said display disc is allowed to work siidingiy in 
two directions within a fixed range according to the 
change in temperature, thereby said two displays 
are made to display selectively from the display 
window of sings. 

Since other function in this example is same as 
that illustrated in Example 1, the illustration will be 
omitted. 

Moreover, in Example 8 shown in Fig. 15 and 
Fig. 16, it is possible to provide the control element 
60 on the side of the movable body 1 and to 
provide the concave portions 12 and 13 on the side 
of the control base 6. 



Example 9 



Rg. 17 shows a still other example, wherein a 
frame 7b having standing wails 7d and 7e on both 
sides if provided, a rod-shaped movable body 1 is 
pierced freely to slide through said standing walls 
7d and 7e, sword guard-shaped stoppers 14 and 
15 are fixed to both ends of said movable body 1, 
and a sword guard-shaped control element 60 is 
fixed to the middle part. 

In a state of said movable body 1 being thus 
inserted, a coil spring-shaped shape memory alloy 
4 is equipped between the standing wall 7d and 
the control element 60 and, at the same time, a 
bias spring 5 is equipped between the standing 
wall 7e and the control element 60. 

An accommodating section 66 is formed in the 
inner bottom of the frame 7b, a control base 6 
being stoppable for coming off and siidabie up and 
down is inserted into this accommodating section 
66 so as to face to the working range of the control 
element 60. Concave portions 12 and 13 are 
formed on the side of this control base 6 facing to 
said movable body 1 and separating each other at 
an interval corresponding to the working range of 
the movable body 1 and the control element 60 is 
guided to one concave portion 12 so that the 
conro! base 6 is pressed against the control ele- 
ment 60 by a spring 64. 

The shape memory alloy 4 in this example is 
manufactured to become longer when returning to 
the austenite phase due to the rising in tempera- 
ture and the restoration force at the tim of return- 
ing to the austenite phase is accumulated until it 



becomes more than a predetermined value be- 
cause of the concave portion 12 being pressed 
against the control element 60 by the residence. 
When the restoration force becomes more than the 

5 predetermined value, the control element 60 
presses down the control base 6 and escapes from 
the concave portion 12 so that the movable body 1 
works at a stroke until the stopper 14 runs against 
the standing wail 7d. 

10 Also, when the shape memory alloy 4 is sub- 
ject to the martensite transformation, the force of 
the spring 5 is accumulated similarly and works at 
a stroke when the ambient temperature has been 
lowered to the predetermined value. 

T5 In respective examples aforementioned, only 
the two-directional actuators were illustrated. With 
respect to the one-directional actuators, the dif- 
ference lies only in the absence of the concave 
portion 13 and the bias spring 5 or the weight 

ao Since other structure and function are same as 
those in respective foregoing examples, the illustra- 
tion wiil be omitted. 



25 Example 10 



In Rg. 18 through Rg. 20. an axis 102 is 
attached freely to rotate in a fixed base 120 such 

30 as the machine frame, plate-shaped movable bod- 
ies 111 and 112 rotating together and being resem- 
biant to the cam are fixed to this axis 102 and, at' 
the same time, a rope wheel 103 is fixed. 

Spring cases 104 and 105 are provided to fixed 

05 bases 140 and 150 such as the machine frame so 
as to stand opposite to each small are portion 101a 
of the movable bodies 111 and 112, springs 142 
and 152 are inserted into these spring cases 104 
and 105, respectively, in a state of being pressed 

40 from rear ends with adjusting screws 144 and 154, 
siidabie holders 143 and 153 are provided to each 
tip of the springs 142 and 152, and, at the same 
time, control elements 141 and 151 comprising 
rollers and being held freely to roil to these holders 

is 143 and 153 are allowed to contact under pressure 
with said small arc portion 101a of the movable 
bodies 111 and 112. 

Around the rope wheel 103, ropes 161 and 171 
are wound so as to act in both directions. To the 

so rope 161, one end of a coil spring-shaped shape 
memory alloy 106 is connected, other end of which 
is connected to an attachment not shown in the 
diagrams and, to the rope 171, a bias spring 107 is 
fixed, other end of which is connected to an attach- 

55 ment not shown in th diagrams. 

Hence, when the shape memory alloy 106 is 
transformed to the austenite phase, th movable 
bodies 111 and 112 rotate by 120 degre s in the 
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direction of an arrow 4 in Fig. 19 and Fig. 20 and, 
when the shape memory alloy 106 is transformed 
to the martensite phase, the movable bodies. 111 
and 112 rotate by 120 degrees in the direction of 
an arrow b in same diagrams. When rotating in this 
way, stoppers 1 01b and 101c formed at both ends 
of the small arc portion 101a of the movable bodies 

111 and 112 run against respective spring cases 
104 and 105, thereby the working range of the 
movable bodies in both directions are regulated at 
a fixed level. 

In the small arc portion 101a of the movable 
body 111, a concave portion 113 is formed so that 
when the movable bodies 111 and 112 rotate in the 
direction of said arrow a, the control element 141 
contacted with said small arc portion 101a is guid- 
ed. Moreover, in the small arc portion 101a of other 
movable body 112, a concave portion 114 Is 
formed so that when the movable bodies 111 and 

112 rotate in reverse direction, other control ele- 
ment 151 contacted with said arc portion 101a is 
guided. 

In the state shown in the diagrams, the shape 
memory alloy 106 is transformed to the martensite 
phase. In this state, at a point of time when the 
shape memory alloy 106 reaches As point due to 
the rising in temperature in the environment of the 
installation of actuator and the restoration force 
generated on the shape memory alloy 106 exceeds 
the force of the bias spring 107 added the force of 
the spring 152 acting on the concave portion 114 
of the movable body 112 (however, the friction 
between other components exerting on the rope 
wheel 103 is neglected) due to the further rising in 
temperature, the control element 151 escapes from 
said concave portion 114 and the force having 
been accumulated in the concave portion 114 acts 
at a stroke to rotate rapidly the movable bodies 

1 1 1 and 1 12 in the direction of arrow a and to allow 
other control element 141 to come into the concave 
portion 1 13 formed in the movable body 111. 

On the other hand, at point of time when the 
shape memory alloy 106 reaches Ms point due to 
the lowering in temperature in the environment and 
the force of the bias spring 107 added the force of 
the spring 142 acting on the concave portion 113 
of the movable body 111 exceeds the force of the 
shape memory alloy 106 decreasing by the transr 
formation (however, the friction between other com- 
ponents exerting on the rope wheel 103 is ne- 
glected) due to the further lowering in the tempera- 
ture, the control element 141 escapes from said 
concave portion 113 and the force having been 
accumulated in the concave portion 113 acts at a 
stroke to rotate rapidly the movable bodies 1 1 1 and 

112 in the direction of arrow b and to allow the 
control iement 151 to com into the concave 
portion 114 formed in the movable body 112 as in 



Fig. 20. 

With the actuator in said example, by adjusting 
the resilience against respective control elements 
141 and 151 controlling the work of respective 

s movable bodies 111 and 112 with respective ad- 
justing screws 144 and 154, the temperature at 
which the force of the shape memory alloy 106 
increasing or decreasing with the change in tem- 
perature and the bias force added the damping 

iq force of respective control Blements against the 
movable body 111 or 112 (however, the friction 
between other components exerting on the rope 
wheel 103 is neglected) are balanced, i.e. the work- 
ing temperature of the movable bodies 111 and 

is 112 in both directions can be adjusted arbitrarily 
. within a fixed range, thereby the temperature hys- 
teresis of the shape memory alloy can be over- 
come. 

For example, in Fig. 32, assuming that th 
20 force generated on the shape memory alloy and 
the bias force are balanced at a temperature Tw 
between As point and Af point at the time of 
temperature rising, through the adjustment of resil- 
ience to each control element with said each ad- 
25 justing screw, it is possible to allow the force P H 
generated on the alloy to balance with the bias 
force at the temperature Tw when temperature 
rises and to allow the force Pc of the alloy to 
balance with the bias force at same temperature 
30 Tw also when temperature falls to work the mov- 
able body in both directions at same temperature. 

Moreover, generally, with the actuator used the 
shape memory alloy, the increase or the decrease 
in force generated on the alloy or damped pro- 
as gresses gradually when the change is slow as in 
the air temperature, thereby the working is slow. 
With the actuator in said example, however, the 
force acting in both directions is accumulated until 
the temperature in the environment of the installa- 
40 Hon reaches the working temperature adjusted as 
above and works rapidly when having reached said 
temperature, thereby the object matters can be 
worked at a stroke even if the environment may be 
slow in the change in temperature. From abovQ, in 
45 the cases of signs which require a quick alteration 
to different display at a fixed temperature depend- 
ing on the change in temperature as the road signs 
in cold areas, the actuator is suitable as a driving 
device for the display conversion thereof, 
so Further, in the case of the actuator in said 
example, it is possible to mass-produce the mov- 
able body in a fixed shape and to adjust the 
working temperature with adjusting screw meeting 
the type and the characteristic of shape memory 
55 alloy to be used therefore. Hence, such an actuator 
that the working temp rature is adjustabl more* 
easily can be provided compared with the case to 
adjust, for example, by altering the depth of said 
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concave portion. 



Example 1 1 



Next, referring to Fig. 21 and Fig. 22, with 
respect to an example used said actuator for the 
driving for the display conversion of signs {road 
signs), the illustration will 'be omitted since it is 
similar to the case in Example 2. 

In the case of this example, however, it is 
further possible to adjust and establish more strict- 
ly and easily the working temperature of each 
displaying bory t08 for conversion by respective 
adjusting springs 144 and 154. 



Example 12 



In said example 10, the structure was that the 
concave portions 113 and 114 were provided to 
two movable bodies 111 and 112 and the control 
elements 141 and 151 were allowed to contact 
under pressure with these separate movable bod- 
ies 111 and 112, respectively, but, in the case of 
the range of angle worked by the movable body 
being small, it is also possible to practice, as 
shown in Fig. 24(a), in way that one movable body 
101 is attached to an axis 102, two (or a plurality 
of) small arc portions 101a and 101a are formed in 
the movable body 101 and, at the same time, 
spring cases 104 and 105 similar to those in said 
Example 10 are fixed to supporting bases 140 and 
150 so as to stand opposite to these arc portions 
101a and 101 a, respectively. 

In the case of this example, a control element 
141 in a spring case 104 Is allowed to contact 
under pressure with one small arc portion 101a 
and, at the same time, a concave portion 1 13, to 
which said control element 141 is guided when the 
movable body 101 works due to the austenite 
transformation of shape memory alloy 106, is 
formed. While, a control element 151 is a spring 
case 105 is allowed to contact under pressure with 
other small arc portion 101 a and, at the same time, 
a concave portion 114, to which said control ele- 
ment 151 is guided when the movable body 101 
works due to the martensfte transformation of 
shape memory alloy 106, is formed. And, similarly 
to said example, stoppers 101b and 101c are pro- 
vided at both ends of respective arc portions 101a 
and 101a 

Even when the range of angle in which the 
movable body 101 rotates is large, if forming re- 
spective small arc portions 101a and 101a con- 
tacted with respectiv control el ments 141 and 



151 in two steps of top and bottom for the same 
. movable body 101, it is possible to constitute ap- 
proximately same as this example. 

It is also possible to make an angle d larger 

s than the reciprocating working range (WR> as 
shown in Fig. 24(b) and to provide two concave 
portions 113 and 114 and stoppers 101b and 101c 
as the diagram shows. Moreover, as shown in Fig. 
24(c), it is also possible to eliminate one concave 

io portion 113 by using two control elements 141 and 
151 provided extending by the reciprocating work- 
ing angle (WR). 

The actuators in Fig. 24(a), (b) and (c) are in a 
state of the shape memory alloy 106 having been 

75 subject to the martensite transformation. Since oth- 
er constitution and function are same as those in 
said Example 10, the illustration thereof will be 
omitted. 

20 

Example 13 



In the actuators in respective examples afore- 

25 mentioned, the spring cases 104 and 105 were 
attached to the supporting bases 140 and 150, but 
instead of this structure, it is also possible to prac- 
tice as follows : For example, as shown in Fig. 25, 
a movable body 101 is attached to an axis 102, 

30 spring cases 104 and 105 having similar structure 
to those in said Example 10 are attached to this 
movable body 101 and, at the same time, a plural- 
ity of control bases 109 and 109a are attached to 
the supporting base 190 etc. so as to stand op- 

35 posite to the outer circumference of the movable 
body 101, With concave arc portions 191 and 109b 
of respective control bases 109 and 109a, control 
elements 141 and 151 in spring cases 104 and 105 
are contacted under pressure, respectively, a con- 

40 cave portion 113, to which one control element 141 
is guided when the movable body 101 is subject to 
the austenite transformation of the shape memory 
alloy 106, is formed in the concave arc portion 191 
of one control base 109 r and a concave portion 

4S 114, to which other control element 151 is guided 
when the movable body 101 is subject to the 
martensite transformation of the shape memory 
alloy 106, is formed in the concave arc portion 
109b of other control base 109a. 

so (n this case, the stoppers 101b and 101c are 
provided to the control base 109 and 109a and the 
spring cases 104 and 105 attached to the movable 
body 101 are allowed to run against the stoppers 
101b and 101c, respectively, when the movable 

55 body 101 rotates, thereby the working range of the 
movable body 101 is regulated in constitution. 

The control bases 109 and 109a may be con- 
stituted unitizing both. For example, if fixing th 
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spring cases 104 and 105 to the movable body 101 
so as to be different in level, respectively, with th 
main point that the spring case 104 is attached to 
one face of the movable body 1 and the spring 
case 105 is attached to other face thereof and if 
providing the control bases 109 and 109a standing 
opposite to respective spring cases 104 and 105, it 
is possible to practice even though the range of 
angle in which the movable body 101 rotates may 
be large. 

Since other constitution and function in the 
example shown in this Fig. 25 are same as those in 
Example 10, the illustration will be omitted. 

The structure to attach the spring cases on the 
side of the movable body as in Rg. 25 can be 
applied to the* case when providing a plurality of 
movable bodies 111 and 112 as in said Example 
10. In this case, the spring cases 104 and 105 are 
fixed to the movable bodies 111 and 112, respec- 
tively, and the control bases 109 and 109a as 
above are provided standing opposite to said 
spring cases 104 and 105, or one control base 
being long in top and bottom directions and having 
a concave arc face to stand opposite to said spring 
cases 104 and 105 is provided. 



Example 14 



In respective examples aforementioned, the 
constitution was that the control elements were 
contacted with the periphery of the movable bodies 
111. 112 and 101, the control base 109 or the like. 
But it is also possible to practice, for example, as 
shown in Rg. 26, in a way that spring cases 104 
and 105 are fixed to supporting bases 140, 150 etc. 
so as to stand opposite to the face of the movable 
bodies 111, 112, 101, etc. at a fixed angle and 
control elements 141 and 151 in said cases 104 
and 105 are contacted under pressure with the 
movable bodies 111, 112, 101, etc. or, as shown in 
Rg. 27, in a way that spring cases 104, 105, etc. 
are fixed to the movable bodies 111, 112, 101, etc. 
in the perpendicular direction, a control base 109 
standing opposite to the movable bodies 111, 112, 
101 etc. is provided, and control elements 141 and 
151 are allowed to contact under pressure with the 
face of this control base 109. 

In the example in Rg. 26, for example, when 
the control elements 141 and 151 are allowed to 
contact under pressure with one movable body 
101, it is desirable to constituted in a way that the 
control elements 141 and 151 are contacted with 
the movable body 101 at positions each separated 
at a different interval from the axial center of rota- 
tion. 

Also, in the example of Rg. 27, when the 



spring cases 104 and 105 are attached to th 
movable body 101 toward the same direction, it is 
desirabte to constitute in a way that one control 
base 109 with wider area is provided so as to stand 

5 opposite to the movable body 1 and respective 
control elements 141 and 151 are contacted with 
the control base 109 at positions each separated at 
a different interval from the extension line of the 
axial center of rotation of movable body 101. 

70 Further, in the same actuator, if different con- 
trol elements 141 and 151 are contacted under 
pressure each separately with the movable body or 
the control base, respective spring cases may safe- 
ly be attached in different directions in such ways 

15 that one spring case 104 is provided in horizontal 
direction and other spring case 105 is provided in 
vertical direction, and the like. 

Moreover, it may also safely be made to pro- 
vide one control element on the side of movable 

20 body and other control element on the fixed side 
combining the control bases therewith at relative 
positions on the fixed side and movable side, re- 
spectively. 

25 

Example 15 



Rg. 28 through Rg. 30 show a still other exam- 

30 pie. A rail-shaped control base 109 being on the 
supporting base not shown in the diagrams and 
having a. groove is fixed, a movable body 101 with 
a fixed length having flanges I01d and 101d in the 
bottom of both sides in the longitudinal direction is 

35 inserted freely to slide into this control base 109, 
two holes are formed at same positions in the 
transverse direction of the control base 109 pierc- 
ing therethrough toward said movable body 101 to 
constitute spring cases 104 and 105, and springs 

40 142 and 152 are inserted into these spring cases 
104 and 105. At the same time, said springs 142 
and 152 are pressed with adjusting screws 144 and 
154 pushed into from the backside of the control 
base 109 and control elements 141 and 151 com- 

45 prising balls at the tip of the springs 142 and 152 
are contacted under pressure with the movable 
body 101. 

Wire ropes 161 and 171 are connected to both 
ends of the movable body 101, the wire rope 161 
50 and the wire rope 171 are connected to the shape 
memory alloy and the bias spring both not shown 
in the diagrams, respectively, and the movable 
. body 101 slides between stoppers 101b and 101c 
provided to the control base 109 depending on the 
55 predetermined change in temperature. 

Moreov r, in the movable body 101, a concave 
portion 113, to which the control element 141 is 
guided when said movable body 101 works to the 
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right as in Fig. 30, and a concave portion 114, to 
which the control element 151 is guided as in Fig. 
28 when the movable body 101 works to the (eft 
are formed, respectively. When the environmental 
temperature rises and reaches a fixed established 
temperature and the shape memory alloy not 
shown in the diagrams and connected to the wire 
rope 161 is subject to the austenite transformation, 
the ccntroi element 151 escapes from the concave 
portion 114 to work rapidly in the right direction as 
in Fig. 28 until the movable body 101 runs against 
the stopper 101b, and simultaneously, other control 
element 141 is guided to other concave portion 
113. When the temperature falls to a fixed estab- 
lished temperature and said shape memory alloy is 
subject to the martensite transformation, the control 
element 141 escapes from the concave portion 113 
to return rapidly the movable body 101 to the state 
shown in the diagram. 

In this example, the sliding work of the mov- 
able body 101 in two directions may be utilized as 
it is as a driving force, but, as shown in the 
diagram, the movable body 101 may be constituted 
rack-shaped and a pinion 115 is combined with this 
to convert the driving force to the rotational direc- 
tion. 

When utilizing the sliding work of the movable 
body 101 as it is as a driving force, the actuator is 
suitable for the driving for the display conversion of 
signs, wherein, for example, two. different displays 
are given to a display disc sliding along a fixed 
guide and, by allowing said display disc to work 
slidingly in two directions within a fixed range de- 
pending on the change in temperature, said two 
displays are allowed to appear selectively from the 
display window of signs. 

Since other function in this example is same as 
that illustrated in Example 10, the illustration will be 
omitted. 

Moreover, in the example shown in Fig. 28 and 
Fig. 29, the control elements 141 and 151 and the 
concave portions 113 and 114 can be provided on 
the side of the movable portion 101 and on the 
side of the control, base 109, respectively. In this 
case, the spring cases 104 and 105 are provided 
downward on both sides of the movable body 101 
and respective control elements are allowed to 
contact with both sides of the control base 109. 



Example 16 



Fig. 31 shows still more other example. In this 
constitution, a supporting frame 110 having stand- 
ing walls 101 and I01f on both sides is provided, 
a rod-shaped movable body 101 is allowed to pass 
freely to slide through the standing walls 101s and 



101f, sword guard-shaped stoppers 101b and 101c 
are fixed to both ends of said movable body 101, 
and a sword guard-shaped control element 145 is 
fixed to the middle part thereof. 

5 In a state of said movable body 101 being thus 
Inserted, a coil spring-shaped shape memory alloy 
106 is equipped between the standing wall 101e 
and the control element 145 and, at the same time, 
a bias spring 107 is equipped between the stand- 

70 ing wail 101f and the control element 145. 

Spring cases 104 and 105 are provided to the 
bottom of the frame 110, springs 142 and 152 
pressed with adjusting screws 144 and 154 are 
inserted into these spring cases 104 and 105, and 

is a control base 109 is allowed to contact under 
pressure with said control element 145 with these 
springs 142 and 152. A concave portion 114, to 
which the control element 145 is guided when the 
movable body 101 works to the left in said dia- 

20 gram, and a concave portion 113, to which the 
control element 145 is guided when the movable 
body 101 works to the right in said diagram, are 
formed in said control base 109 so that the resil- 
ience of the control base 109 against the control 

25 element 145 can be adjusted each separately iat 
the position of the concave portions 113 and 114. 

The shape memory alloy 106 in this example is 
manufactured to become longer when subject to 
the austenite transformation due to the rising of 

30 temperature and, if the environmental temperature 
rises t6 a fixed established temperature and the 
shape memory alloy 106 is subject to the austenite 
transformation, the control element 145 escapes 
from the concave portion 114 to work the movable 

35 body 101 at a stroke to the right in said diagram 
and, at the same time, the control element 145 is 
guided to the concave portion 113. If the envi- 
ronmental temperature fails to a fixed temperature 
and the shape memory alloy 106 is subject to the 

40 martensite transformation, the control element 145 
escapes from the concave portion 113 to work the 
movable body 101 at a stroke to the left in said 
diagram and to return it to the state shown in the 
diagram. It is desirable to constitute the contact 

45 portion of the control element 145 with the control 
base 109 in this example with a roller or ball. 

Since other function in the example shown in 
Fig. 31 is same as that in Example 10, the illustra- 
tion will be omitted. 

so With the one-directional actuator in accordance 
with the invention, the restoration force when the 
shape memory alloy is transformed to the austenite 
phase is accumulated until ft becomes a fixed 
value. The actuator works rapidly therefore even in 

55 an environment, the change in temperature being 
slow as the cas s of air temperatur and room 
temperature. 

Moreover, with the two-directional actuator in 
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accordance with the invention, two-directional force 
is accumulat d until it becomes fixed value and the 
actuator acts at a stroke when becoming more than 
a fixed value making it possible to work rapidly 
ven in an environment the chang in temperature 
being slow. 

Hence, when using these as the driving, de- 
vices for the display conversion of signs, the dis- 
play is converted rapidly and no half way display 
appears on the way. 

With the improved type two-directionaJ actu- 
ators in accordance with the invention, the forces to 
work the movable body at the time of temperature 
rising and at the time of temperature lowering are 
adjusted each separately with the adjusting screws, 
thereby the working temperature of actuator at the 
time of temperature rising can be established ar- 
bitrarily and easily within a range from a tempera- 
ture, at which the shape memory aJtoy begins to be 
transformed to the austenite phase and the force 
generated thereon is balanced with the bias force 
etc., to a temperature, at which the shape memory 
alloy reaches the Af point, and the working tem- 
perature of actuator at the time of temperature 
lowering can also be established arbitrarily and 
easily within a range from a temperature, at which 
the force damped in the process of the shape 
memory alloy being transformed to the martensite 
phase is balanced with the bias force etc. to the Mf 
point Hence, the effect of the temperature hyster- 
esis of shape memory alloy can be removed with a 
simple structure. 

Furthermore, with the actuators in accordance 
with the invention, the movable body can be 
worked rapidly in both directions even in an envi- 
ronment the change in temperature being slow as 
the case of air temperature. Hence, with respect to 
the signs which require to convert rapidly the dis- 
play when the air temperature having become a 
fixed temperature as win the road signs, the ac- 
tuators are optimal for the driving for conversion. 



Claims 

(1) An actuator used shape memory alloy char* 
acterized in that in the actuator equipped with a 
shape memory alloy allowing a movable body to 
work in one direction by the restoration force to the 
memorized shape at the time of temperature rising, 
a control base standing opposite to at least part of 
said movable body is provided, concave portions 
are provided to one of said movable body and 
control base and, at the same time, a control 
element is provided to the otehr thereof to guide 
said control el ment into said concave portion and 
to press said concave portion and control element 
against one another by a fixed resilience. 



(2) The actuator used shape memory alloy 
according to Claim 1 , wherein the control element 
is a roller or ball. 

(3) An actuator used shape memory alloy char- 
5 acterized in that in th two-dim nsional actuator 

equipped with a movable body regulated In a state 
of being possible to work in two directions within a 
fixed range, a shape memory alloy to allow said 
movable body to work in one direction by the 

70 restoration force to the memorized shape at the 
time of temperature rising and a bias spring or a 
weight to allow said movable body to work in other 
direction at the time of . temperature lowering, a 
control base standing opposite to at least part of 

T5 said movable body is provided, concave portions 
are provided to one of said movable body and sad 
control base separating them at an interval cor- 
responding to the working range of said movable 
body and, at the same time, a control element to 

20 be guided to said concave portions by the working 
of said movable body is provided to the other 
thereof so that said concave portion and conroi 
element are pressed against one another by a fixed 
resilience in a state of said control element being 

25 guided to one of said concave portions. 

(4) The actuator used shape memory alloy 
according to Claim 3, wherein the movable body is 
constituted with a rotatable plate attached to the 
axis so as to rotate in both directions within a fixed 

po range of angle, the concave portions are formed in 
said movable body on a concentric circle with the 
axial center of rotation of said movable body sepa- 
rating them at an interval corresponding to the 
rotating range of said movable body and the con- 

35 trol base is constituted with a case provided in 
immovable state and a slide piece provided in said 
case so as to be possible to advance and retreat 
toward said movable body so that said control 
element is pressed against said concave portion 

40 with a spring in a state of the control element 
comprising a roller or ball provided to the slide 
place in said control base being guided to one of 
said concave portions. 

(5) The actuator used shape memory alloy 
45 according to Claim 3, wherein the movable body 

has a slide piece or a lever piece being possible to 
advance and retreat toward the directic-n of the 
control base, the control element comprising a roll- 
er or ball is held to said slide piece or lever piec 

50 and the concave portions are formed in the control 
base in immovable state standing opposite to the 
rotating locus of the control element In said mov- 
able body so that said control element is pressed 
with a spring in a state of being guided to one of 

55 said concave portions. 

(6) The actuator used shap memory alloy 
according to Claim 3, wherein the control lement 
comprising a roller or ball is provided to the mov- 
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able body attached to the axis so as to rotate in 
b th directions within a fixed range of angle, the 
control base is provided so as to be possible to 
advance and retreat standing opposite to the rotat- 
ing locus of the control element in said movable 
body and. at the same time, the concave portions 
facing to the rotating (ocus of said control element 
are formed in said control base so that said control 
base is pressed against said control element with a 
spring in a state of said control element being 
guided to one of said concave portions. 

(7) The actuator used shape memory alloy 
according to Claim 3, wherein the movable body is 
provided so as to work reciprocatively within a 
fixed range. 

(8) The actuator used shape memory alloy 
accoridng to Claim 3, wherein a rod-shaped mov- 
able body is provided so as to work reciprocatively 
to the longitudinal direction within a fixed range, the 
control element is provided to this movable body 
and the control base is provided facing to the 
working range of this control element so that said 
control element and said concave portion are 
pressed against one another with a spring in a 
state of said control element being guided to one 
of the concave porftons provided to this control 
base. 

(9) The actuator used shape memory alloy 
according to any one of Claim 4 through Claim 8, 
wherein the resilience of the spring to press the 
concave portion and the control element against 
one another is constituted freely to adjust 

(10) A device for the display conversion of 
signs, wherein, in the signs having such a structure 
that they have two display faces being in parallel 
with an axis and forming mutually a fixed angle 
between adjacent ones facing to the circumferential 
direction having the center on said axis, a display- 
ing body, different displays being given to said two 
display faces thereof, respectively, is provided and, 
by allowing said displaying body to rotate with a 
driving device depending on the change in tem- 
perature at the place of the installation, one of said 
display faces is displayed selectively toward the 
surface, the actuator according to any one of Claim 
4 through Claim 6 is used for said driving device. 

(11) A device for the display conversion of 
signs, wherein, in the signs having such a structure 
that one or several display windows are provided to 
a sign board, a rotatable display disc, two different 
displays being given thereto, is pivoted on the 
backside of said sign board and, by allowing said 
rotatable display disc to rotate with a driving device 
depending on the change in temperature- at the 
place of the installation, one of said two different 
displays in displayed selectively from said display 
window, the actuator according to any on of Claim 
4 through Claim 6 is used for said driving device. 



(12) A device for the display conversion of 
signs, wherein, in the signs having such a structure 
that one or several display windows are provided to 
a sign board while a slidable display plate, two 

s different displays being given thereto, is provided 
on the backside of sad sign board, and, by allow- 
ing said slidable display device to slide with a 
driving device depending on the change in tem- 
perature at the place of the installation, one of said 

to several different displays is displayed selectively 
from said display window, the actuator according to 
Claim 7 or Claim 8 is used for said driving device. 

(13) An actuator used shape memory alloy 
characterized in that a plurality of movable bodies 

75 regulated so as to work in two directions within a 
fixed range, a shape memory alloy to allow each 
said movable body to work in one direction by the 
restoration force to the memorized shape at the 
time of high temperature and a bias spring or a 

20 weight to allow said each movable body to work in 
other direction at the time of low temperature are 
provided, a control element pressed by a spring 
inserted into a spring case in a state of the resil- 
ience being adjustable with an adjusting screw is 

25 allowed to contact under pressure with said each 
movable body, a concave portion, to which the 
control element in contact with said movable body 
when said movable body works in one direction is 
guided, is formed in part of said movable bodies 

30 and, at the same time, a concave portion, to which 
the control element in contact with said movable 
body when said movable body works in other di- 
rection is guided, is formed in other movable bod- 
ies. 

as (14) An actuator used shape memory alloy 
characterized in that a movable body regulated so 
as to work in two directions within a fixed range, a 
shape memory alloy to allow said movable body to 
work in one direction by the restoration force to the 

40 memorized shape at the time of high temperature 
and a bias spring or a weight to allow said movable 
body to work in other direction at the time of low 
temperature are provided, a plurality of control ele- 
ments pressed by springs each inserted into a 

45 spring case in a state of the resilience being ad- 
justable with adjusting screws are allowed to con- 
tact under pressure with said movable body, a 
concave portion, to which part of said control ele- 
ments is guided when said movable body works in 

so one direction, is formed in said movable body and, 
at the same time, a concave portion, to which otehr 
control elements are guided when working in other 
direction, is formed. 

(13) An actuator used shape memory alloy 

55 characterized in that a plurality of movable bodies 
regulated so as to work in two directions within a 
fixed range, a shape memory alloy to allow said 
each movable body to work in one direction by the 
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restoration force to the memorized shape at the 
time of high temperature and a bias spring or a 
weight to allow said each movable body to work in 
other direction at the time of low temperature are 
provided, a control base standing opposite to said 5 
each movable body is provided, a spring case 
inserted a spring, the resilience thereof being ad- 
justable with an adjusting screw, is provided to said 
each movable body so that each control element 
pressed by said spring is allowed to contact under io 
pressure with each control base, said movable 
body standing opposite thereto, a conave portion, 
to which the control element in contact with said 
control base is guided when said each movable 
body works in one direction, is formed in part of is 
said control bases and, at the same time, a con- 
cave portion, to which the control element in con- 
tact with said control base is guided when said 
each movable body works in other direction, is 
formed in other control bases. 20 

(16) An actuator used shape memory alloy 
characterized in that a plurality of movable bodies 
regulated so as to work in two directions within a 
fixed range, a shape memory alloy to allow said 
each movable body to work in one direction by the 25 
restoration force to the memorized shape at the 
time of high temperature and a bias spring or a 
weight to allow said each movable body to work in 
other direction at the time of low temperature are 
provided, a control base standing opposite to said 30 
each movable body is provided, a spring case 
inserted a spring, the resilience thereof being ad- 
justable with an adjusting screw, is provided to said 
each movable body so that each control element 
pressed by said spring is allowed to contact under 35 
pressure with said control base, a concave portion, 

to which part of said control elements is guided 
when said each movable body works in one direc- 
tion, is formed in part of said control bases and, at 
the same time, a concave portion, to which other 40 
control elements are guided when said each mov- 
able body works in other direction, is formed in 
other part of said control bases. 

(17) An actuator used shape memory alloy 
characterized in that a movable body regulated so 45 
as to work in two directions within a fixed range, a 
shape memory alloy to allow said movable body to 
work in one direction by the restoration force to the 
memorized shape at the time of high temperature 

and a bias spring or a weight to allow said movable so 
body to work in other direction at the time of low 
temperature are provided, a control base standing 
opposite to said movable .body is provided, a plu- 
rality of spring cases each inserted a spring, the 
resilience thereof being adjustable with an adjust- 55 
ing scr w, are provided to said movable body so 
that each control element pressed by said each 
spring is allowed to contact under pressure with 



said control bas , a concav portion, to which part 
of said control elements is guided when said mov- 
able body works in one direction, is formed in said 
control base and, at the same time, a concave 
portion, to which otehr control elements are guided 
when working in other direction, is formed. 

(18) The actuator used shape memory ailoy 
according to any one of Claim 13 through Claim 
17, wherein the movable body is provided so as to 
rotate by attaching it to the axis. 

(19) The actuator used shape memory alloy 
according to any one of Claim 13 through Claim 
17. wherein the movable body is provided so as to 
work linearly and reciprocatively. 

(20) The actuator used shape memory alloy 
accoridng to any one of Claim 13 through Claim 
19, wherein the control element is a roller or a ball. 

(21) An actuator used shape memory alloy 
characterized in that a movable body in a state of 
being workable linearly in both directions within a 
fixed range, a shape memory alloy to allow said 
movable body to work in one direction by the 
restoration force to the memorized shape at the 
time of high temperature and a bias spring or a 
weight ot allow said movable body to work in other 
direction at the time of low temperature are pro- 
vided, a control element is attached to said mov- 
able body, a control base being possible to ad- 
vance or retreat to the direction of said control 
element within a fixed range is provided facing to 
the working range of said control element and a 
concave portion, to which said control element is 
guided when said movable body works in one 
direction, and a concave portion, to which said 
control element is guided when said movable body 
works in other direction, are provided to said con- 
trol base so that said control base is pressurized at 
the position of each said concave portion by a 
spring inserted into each spring case in a state of 
the resilience being adjustable with each adjusting 
screw and said control base is allowed to contact 
with said control element 

(22) A device for the display conversion of 
signs, wherein, in the signs having such a structure 
that, by providing a displaying body, two different 
displays being given to the surface thereof, and by 
allowing said display body to work with a driving 
device in two directions wihtin a fixed range de- 
pending on a predetermined change in tempera- 
ture, one of two displays on said displaying body is 
displayed selectively, the actuator according to any 
one of Claim 13 through Claim 17 or Claim 21 is 
used for said driving device. 
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D scriptlon 

The present invention relates to an actuator 
using the ffect of shape memory alloy, particularly 
for the display of exchangeable signs, the actuator 
comprising a spring shaped member made of a 
shape memory alloy tending to move a movable 
body into a first direction by the restoration force to 
the memorized shape at the time of temperature 
rising, a control base being provided standing op- 
posite to at least a part of said movable body, at 
least one recess being provided in one of said 
movable body and said control base, a control 
element being biased to enter into the recess. 

An actuator making use of the shape memory 
of some alloys is disclosed by the GB-A-2 068 545. 

It is an object of the invention to provide an 
actuator, particularly for exchangabe display of 
temperature or the like, the display of which is 
converted at a stroke rather than slowly according 
to the slow change of air temperature or the like. 

To comply with this object, an actuator accord- 
ing to the invention is characterized in that the 
recess is a concave portion being so shaped that it 
forms a cam engaged with the control member to 
inhibit relative movement of the movable member 
with respect to the control base until the biasing 
force of the control member is overcome by the 
restoration force of the shape memory alloy. 

One-directional actuators of this type are con- 
stituted to allow a movable body workable in one 
direction to work by the restoration force to the 
memorized shape of shape memory alloy at the 
time of temperatuer rising and are proposed to use, 
for example, for the automatic opening of flue gas 
duct at the time of fire etc. 

Moreover, two-directional actuators used the 
shape memory alloy are constituted from a mov- 
able body provided so as to work in two directions 
with in a fixed range, a shape memory alloy pro- 
vided so as to allow said movable body to work in 
one direction by the restoration force to the memo- 
rized shape at the time of temperature rising and a 
bias spring or a weight allowing said movable body 
to work in other direction by exerting the bias force 
at the time of temperature lowering when said 
shape memeory alloy becomes soft, and are used 
for the automatic opening and shutting of ventilat- 
ing window etc., top and bottom switching of air 
conditioner serving for both cooling and heating 
and of louver, and the like. 

Said movable body is allowed to work in the 
direction of restoration thereof from a point of time 
when the restoration force of the shape memory 
alloy becomes more than the bias force due to the 
spring or the weight between a time when the 
temperature at a position of the installation of ac- 
tuator reaches a temperature at which the shape 



memory alloy brings to be transformed to the 
austenit phase (hereinafter r ferred to as "As 
point") and a time until it rises to a temperature at 
which the transformation to the austenite phase 

5 completes (hereinafter referred to as "Af point"), 
and it is allowed to work in the acting direction of 
the bias force from a point of time when said bias 
force becomes more than the force of the shape 
memory alloy between a time when the tempera- 

w ture at said position of the installation is lowered to 
a temperature at which the shape memory alloy 
begins to be transformed to the martensite phase 
(hereinafter referred to as "Ms point") and a time 
until it falls to a temperature at which the trans- 

75 formation to the martensite phase completes 
(hereinafter referred to as "Mf point") 

The shape memory alloy repeats the trans- 
formation to the austenite phase and that to the 
martensite phase according to the change in tem- 

20 perature and allows various ones as described 
above to be driven by the restoration force when 
transformed to the austenite phase. In the case of 
rapid change in temperature, the transformation 
progresses rapidly, but, in the case of slow change 

25 in temperature such as the change in air tempera- 
ture for example, the transformation progresses 
gradually. 

And, in the cases of flue gas duct etc., it is 
desirable for them to be opened at a stroke when 

30 rising to a fixed temperature. With the conventional 
one-directional actuators, however, the working is 
slow so long as the temperature rising is not steep. 
Thus, when using them, for example, for the open- 
ing of flue gas duct etc., it is sometimes impossible 

35 to open the duct at a stroke. 

Moreover, when applying the actuator used the 
shape memory alloy to the driving for the display 
conversion device of road signs as proposed pre- 
viously by the inventors (Japanese Utility Model 

40 Application No. Sho 62-120196), for example, when 
converting from a display of "Run with Care" to 
"Beware of Freezing" at a temperature lower than 
a certain temperature and converting this to the 
display of "Run with Care" at a temperature higher 

45 than a certain temperature, conventional two-direc- 
tional actuators work only slowly according to the 
change in air temperature. As a result, the display 
cannot be converted at a stroke and no accurate 
display is made on the way of conversion causing 

so a problem of half-finished display. 

The purpose of the invention is to improve 
such a drawback of the actuator used the shape 
memory alloy and to provide an one-directional or 
two-directional actuator being made to work rapidly 

55 at a predetermined temperature ven when the 
change in temperature is slow. 

Moreover, the shape memory alloys have a 
common characteristic that there are gaps of tem- 
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perature between As point and Mf point and be- 
tween Af point and Ms point (this is said as 
"temperature hysteresis") as exemplified, for ex- 
ample, in^Fig. 32. 

Since no measures are taken to said tempera- 
ture hysteresis with conventional actuators of this 
type, there has been a drawback that the tempera- 
ture to allow the movable body to work in one 
direction is different from that to allow it to return in 
other direction due to that the temperature at which 
the restoration force and the bias force are bal- 
anced in the process of the shape memory alloy 
being transformed to the austenite phase and the 
temperature at which the force of alloy becoming 
weak in the process being transformed to the mar- 
tensite phase and the bias force are balanced are 
different from each other. 

That is to say, in the example of Fig. 32, if the 
temperature at which the force generated on the 
shape memory alloy at the time of temperature 
rising and the bias force are balanced is Tw, the 
temperature at which the decreasing force of said 
shape memory alloy at the time of temperature 
lowering and the bias force are balance will be- 
come T. 

In addition, from the same reason, the tem- 
perature to allow the movable body to work in one 
direction and that to allow it to return in other 
direction cannot be adjusted arbitrarily. 

The invention has also a purpose to mechani- 
cally solve the problem due to the temperature 
hysteresis aforementioned and to provide an ac- 
tuator of improved type with which the working 
temperature of movable body to both directions 
can be adjusted arbitrarily and easily within a range 
after the force of the shape memory alloy and the 
bias force have been balanced. 

SUMMARY OF THE INVENTION 

An actuator used shape memory alloy and a 
display conversion device of signs characterized in 
that, in the actuator equipped with a shape memory 
alloy allowing a movable body to work in one 
direction by the restoration force to the memorized 
shape at the time of temperature rising, a control 
base standing opposite to at least part of said 
movable body is provided, concave portions are 
provided to one of said movable body and control 
base and, at the same time, a control element if 
provided to the other thereof to guide said control 
element to said concave portion and to press said 
concave portion and control element against one 
another by a fixed resilience are disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of necessary portion 



showing one example of actuators in accordance 
with the invention. Fig. 2 is a cross section across 
an arrow A-A in Fig. 1. Fig. 3 is a partially broken 
backside view showing on example of display 

5 conversion devices used said actuator for the driv- 
ing of the display conversion of signs. Fig. 4 is a 
cross section across an arrow B-B in F.g 3. Fig. 5 
is a bottom view of the device in Fig. 3. Fig. 6 is a 
front view showing other example of dispaly con- 

io version devices of signs used said actuator. Fig. 7 
is a front view showing a state removed the fromt 
sign board from the device in Fig. 6. Fig. 8 is a 
partially magnified cross section across an arrow 
C-C in Fig. 7. Fig. 9 is a partial plan view showing 

75 other example of actuators in accordance with the 
invention. Fig. 10 is a partial cross section showing 
still other example of actuators. Fig. 11 is a cross 
section across an arrow D-D in Fig. 10. Fig. 12 is a 
partial cross section showing still more other exam- 

20 pie. Fig. 1 3 is a cross section across an arrow E-E 
in Fig. 12. Fig. 14 is a partially broken plan view 
showing still more other example. Fig. 15 is a 
partial cross section showing still more other exam- 
ple. Fig. 16 is a cross section across an arrow F-F 

25 in Fig. 15. Fig. 17 is a cross section showing still 
more other example. Fig. 18 is a longitudinal cross 
section of actuator in accordance with the inven- 
tion. Fig. 19 is a partially omitted plan view thereof. 
Fig. 20 is a partially omitted cross section across 

30 an arrow G-G in Fig. 18. Fig. 21 is a partially 
broken backside view of an example used said 
actuator as a driving device for the display conver- 
sion of sign. Fig. 22 is a partially omitted cross 
section across an arrow H-H in Fig. 21 . Fig. 23 is a 

35 bottom view of the example in Rg. 21 . Fig. 24 (a), 
(b) and (c) are partially broken plan views showing 
other example of actuator. Fig. 25 is a partially 
broken plan view showing still other example. Fig. 
26 is a partial cross section showing still more 

40 other example. Rg. 27 is a partial cross section 
showing still more other example. Rg. 28 is a 
partially omitted cross section showing still more 
other example. Rg. 29 is a cross section across an 
arrow l-l in Fig. 28. Fig. 30 is a cross section 

45 across an arrow J- J in Fig. 29. Rg. 31 is a cross 
section showing still more other example. And, Rg. 
32 is a chart showing an example fo relationship 
between temperature and force when the shape 
memory alloys are transformed. 

50 

Illustration of main marks in the drawings: 

Reference numeral 1 is a movable body. Nu- 
merals 12 and 13 are concave portions. Numerals 
55 14 and 15 are stoppers. Numeral 16 is a case. 
Numeral 17 is a slide piece. Numerals 2, 21, 22 23 
and 25 are axes. Numeral 3 is a rope wheel. 
Numeral 4 is a shape memory alloy. Numeral 5 is 



3 



5 



EP 0 326 997 B1 



6 



a bias spring. Numerals 41 and 51 are wire ropes. 
Numeral 5a is a weight. Numeral 6 is a control 
base. Numeral 60 is a control element. Numeral 61 
is a case. Numeral 62 is a slide piece. Numeral 63 
is a spring. Numeral 64 is a screw. Numeral 66 is 
an accommodating section. Numeral 67 is a hole. 
Numeral 70 is a side frame. Numeral 71 is a 
baseplate. Numeral 72 is a ceiling plate. Numeral 8 
is a displaying body. Numerals 8a t 8b and 8c are 
display planes. Numeral 8d and 8e are coupled 
displays. Numeral 8' is a rotatabte display disc. 
Numeral 83 is a case. Numeral 85 is a sign board. 
Numeral 86 is a display window. Numerals 101, 
111 and 112 are movable bodies. Numeral 110 is a 
supporting frame. Numerals 113 and 114 are con- 
cave portions. Numerals 101b and 101c are stop- 
pers. Numerals 102, 121, 122 and 123 are axes. 
Numeral 124 is a gear wheel. Numeral 103 is a 
rope wheel. Numerals 104 and 105 are spring 
cases. Numerals 141, 151 and 145 are control 
elements. Numerals 142 and 152 are springs. Nu- 
merals 143 and 153 are holders. Numerals 144 and 
154 are adjusting screws for springs. Numeral 106 
is a shape memory alloy. Numeral 107 is a bias 
spring. Numeral 108 is a displaying body. Nu- 
merals 108a and 108b are display board. And, 
numerals 109 and 109a are control bases. 

DETAILED DESCRIPTION OF THE INVENTION 

In the one-directional actuator in accordance 
with the invention, a control base is provided in 
opposition to at least part of a movable body, 
concave portions are provided to one of said mov- 
able body and control base and, at the same time, 
a control element is provided to the other thereof 
so that said control element is guided to siad 
concave portion and said concave portion and con- 
trol element are pressed against one another by a 
fixed resilience for the accomplishment of said 
purpose. 

Furthermore, in the two-directional acuator in 
accordance with the invention a control base in 
opposition to at least part of a movable body is 
provided, concave portions are provided to one of 
said movable body and said control base separat- 
ing them at an interval corresponding to a working 
range of said movable body and, at the same time 
a control element to be guided to said concave 
portion by the working of said movable body is 
provided to the other thereof so that said concave 
portion and control element are pressed against 
one another by a fixed resilience in a state of said 
control element being guided to one of said con- 
cave portions for the accomplishment of said pur- 
pose. 

In either case aforementioned, the movable 
body is constituted so as to rotate around an axis 



or to work linearly depending on the use of ac- 
tuator. 

The restoration fore of said shape memory 
alloy and the bias force of the spring, weight or the 

5 like may be directly transmitted to the movable 
body or indirectly transmitted by a suitable trans- 
mission mechanism in structure. 

To said shape memory alloys, what sort of 
shape memory alloys such as Ni-Ti type alloy, Cu- 

70 Zn-Al type alloy, Cu-AI-Ni type alloy, Fe type alloy, 
etc. can be applied. 

Moreover, the shape of shape memory alloys 
is generally coil spring-shaped, but other shapes, 
for example, plate spring-shaped can also be used 

75 without being limited to this shape. 

The control element to be guided to the con- 
cave portion causes the friction with the movable 
body when providing it on the side of control base 
and causes the friction with the control base when 

20 providing it on the side of movable body. Thus, it is 
desirable to constitute by using a roller of ball in 
order to make the frictional resistance as small as 
possible. 

Moreover, it is desirable to constitute in a way 

25 that the resilience of spring etc. to press the control 
element and the concave portion against one an- 
other is adjustable with an adjustable screw etc. 

Furthermore, in order to accomplish said pur- 
poses, the actuators have been made to have 

so improved structures as below in the invention. 

First, a plurality of movable bodies regulated 
so as to work in two dierctions within a fixed range, 
a shape memory alloy to allow said each movable 
body to work in one direction by the restoration 

35 force to the memorized shape at the time of high 
temperature and a bias spring or a weight to allow 
said each movable body to work in other direction 
at the time of low temperature are provided and a 
control element pressed by a spring inserted into a 

40 spring case in a state of the resilience being ad- 
justable with an adjusting screw is allowed to con- 
tact under pressure with said each movable body. 
In part of said movable bodies, a concave portion 
is formed, to which the control element in contact 

45 with said movable body when said movable body 
works in one direction is guided and, at the same 
time, in other movable bodies, a concave portion is 
formed, to which the control element in contact 
with said movable body when said movable body 

so works in other direction is guided. 

Secondly, a movable body regulated so as to 
work in two directions within a fixed range, a shape 
memory alloy to allow said movable body to work 
in one direction by the restoration force to the 

55 memorized shape at the time of high temperatur 
and a bias spring or a weight to allow said movable 
body to work in other direction at the time of low 
temperature are provided and a plurality of control 
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elements pressed by springs each inserted into a 
spring case in a state of the resilience being ad- 
justable with adjusting screws are allowed to con- 
tact under pressure with said movable body. In 
said movable body, a concave portion is formed, to 
which part of said control elements is guided when 
said movable body works in one direction and, at 
the same time, a concave portion is formed, to 
which other control elements are guideded when 
working in other direction. 

Thirdly, a plurality of movable bodies regulated 
so as to work in two directions within a fixed range, 
a shape memory alloy to allow said each movable 
body to work in one direction by the restoration 
force to the memorized shape at the time of high 
temperature and a bias spring or a weight to allow 
said each movable body to work in other direction 
at the time of low temperature are provided, a 
control base standing opposite to said each mov- 
able body is provided, a spring case inserted a 
spring, the resilience thereof being adjustable with 
an adjusting screw, is provided to said each mov- 
able body and, at the same time, each control 
element pressed by said spring is allowed to con- 
tact under pressure with said control base. In said 
control base, a concave portion is formed, to which 
part of said control elements is guided when said 
movable body works in one direction and, at the 
same time, a concave portion is formed, to which 
other control elements are guided when each said 
movable body works in other direction. 

In this constitution, the control bases may be 
provided each separately corresponding to each 
movable body, or one control base corresponding 
to each movable body may be provided. 

Fourthly, a movable body regulated so as to 
work in two directions within a fixed range, a shape 
memory alloy to allow said movable body to work 
in one direction by the restoration force to the 
memorized shape at the time of high temperature 
and a bias spring or a weight to allow said movable 
body to work in other direction at the time of low 
temperature are providded, a control base standing 
opposite to said movable body is provided, a plu- 
rality of spring cases each inserted a spring, the 
resilience thereof being adjustable with an adjust- 
ing screw, are provided to said movable body and, 
at the same time, each contorl element pressed by 
said each spring is allowed to contact under pres- 
sure with said control base. In said control base, a 
concave portion is formed, to which part of said 
control elements is guided when said movable 
body works in one direction and, at the same time, 
a concave portion is formed, to which other control 
elements are guided when working in other direc- 
tion. 

Fifthly, a movable body in a state of being 
workable linearly in both directions within a fixed 



range, a shape memory alloy to allow said movable 
body to work in one direction by the restoration 
force to the memorized shape at the time of high 
temperatur and a bias spring or a weight to allow 

5 said movable body to work in other direction at the 
time of low temperature are provided, a control 
element is attached to said movable body, and a 
control base being possible to progress or retreat 
to the direction of said control element within a 

10 fixed range is provided facing to the working range 
of said control element. To said control base, a 
concave portion, to which said control element is 
guided when said movable body works in one 
direction, and a concave portion, to which said 

75 control element is guided when said movable body 
works in other direction, are provided, and said 
control base is pressurized in the position of said 
each concave portion by a spring inserted into 
each spring case in a state of the resilience being 

20 adjustable with each adjusting screw to contact 
said control base with said control element. 

Moreover, in the signs having such a structure 
that, by providing a displaying body attached with 
two different displays to the surface and by allow- 

25 ing said displaying body to work with driving de- 
vice in two directions within a fixed range accord- 
ing to a predetermined change in temperature, one 
of two displays in said displaying body is shown 
selectively, each actuator as described above has 

30 been used for the driving device to constitute, 
display conversion devices for the purpose of 
keeping the working temperature of said displaying 
body in both directions constant and adjusting ar- 
bitrarily it within a fixed range. 

35 As previously mentioned, in order to decrease 

the friction between the control element and the 
movable body or the control base and to help the 
control element escape at a troke from said con- 
cave portion, to which it is guided, at the time of 

40 rising or falling to a predetermined temperature, it 
is preferable to use a roller or ball freely to roll for 
the control element. 

When using roller for the control element, a 
slidable holder is provided at the tip of spring, to 

45 which the roller is held. 

When using boll for the control element, this 
may be held at the tip of spring or may be held by 
a slidable holder provide at the tip of spring. 

In the one-directional actuator constituted as 

so above, the control element is pressed against the 
concave portion by a fixed resilience. Hence, when 
the shape memory alloy begins to be transformed 
to the austenite phase due to the gradual rising in 
temperature, it does not work until the restoration 

55 force thereof increases gradually and becomes 
stronger than the resilience pressing the control 
element and the concave portion against one an- 
other, if excluding the weight etc. of components 
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worked by said actuator, and the restoration force 
of shape memory alloy is accumulated. At a point 
of time when the restoration force becomes stron- 
ger than said resilience, therefore, said control ele- 
ment escapes from said concave portion to work at 
a stroke. 

Thus, the flue gas duct etc. can be worked 
rapidly. 

Moreover, even in the two-directional actuator 
constituted as above, when the shape memory 
alloy begins to be transformed to the austenite 
phase due to the gradual rising in temperature, the 
restoration force of shape memory alloy is accum- 
lated until reaching a fixed temperature. Hence, 
after reached said fixed temperature, the control 
element escapes from said concave portion to work 
at a stroke. 

On the other hand, even when said shape 
memory alloy begins to be transformed to the 
martensite phase due to the gradual lowering in 
temperature and the bias force becomes stronger 
than the force of alloy, this does not work imme- 
diately to the reverse direction and is accumulated 
until exceeding the resilience, by which the bias 
force presses the control element and the concave 
portion against one another, after the bias force 
and the force of alloy have been balanced. At a 
point of time when the bias force is more than said 
resilience due to the further lowering in tempera- 
ture, the control element escapes from said con- 
cave portion to work at a stroke. 

When applying this to the driving for the dis- 
play conversion of signs, therefore, the display can 
be converted rapidly even if the change in tem- 
perature is slow. 

Moreover, since the improved type actuator in 
accordance with the invention is constituted as 
described above, when the movable body works in 
one direction and when it works in other direction, 
the work of movable body is suppressed each 
separately by the control elements being guided to 
the concave portion of the movable body or the 
control base and pressurized with different springs, 
respectively, and the resilience of the springs pres- 
surizing each control element against the movable 
body or the control base is adjusted with adjusting 
screws. Thereby, within a range from the tempera- 
ture at which the force of shape memory alloy and 
the bias force are balanced to Af point and within a 
range from the temperature at which the force of 
shape memory alloy and the bias force are bal- 
anced to the Mf point, the working temperature of 
the movable body can be adjusted arbitrarily and 
easily. 

Furthermore, since the control elements to sup- 
press the work of movable body each separately in 
both directions are guided to ach separate con- 
cave poriton formed in the movable body or the 



control base, the restoration force of shape mem- 
ory alloy at the time of high temperature and the 
bias force at the time of low temperature are accu- 
mulated in this position. As a result, the control 
5 element escapes from said concave portion at the 
time of having become the predetermined tempera- 
ture to work the movable body at a stroke. 

Example 1 

10 

In Fig. 1 and Fig. 2, the constitution of such 
that a movable body 1 comprising a rotatable plate 
in the shape of cam is fixed to an axis 2 pivoted 
freely to rotate to the machine frame etc. not 

75 shown in the diagrams and, at the same time, a 
rope wheel 3 is fixed and said rope wheel 3 is 
wound with wire rope 41 and 42 so that the mov- 
able body 1 can rotate in both directions by con- 
necting one end of a coil spring-shaped shape 

20 memory alloy 4, other end thereof being fixed to 
the attachment etc. not shown in the diagrams, to 
one wire rope 41 and by connecting one end of a 
bias spring 5, other end thereof being fixed to the 
attachment etc. not shown in the diagrams, to other 

25 wire rope 51 . 

In the periphery of small arc portion 11 of 
movable body 1, concave portions 12 and 13 are 
formed separating them at an interval correspond- 
ing to the rotative range of said movable body 1 

30 and a control base 6 is fixed to the attachment 7 
mounted to machine frame etc. not shown in the 
diagrams so as to stand opposite to said small arc 
portion 1 1 . To the tip of this control base 6 on the 
side of facing to said movable body 1, a control 

35 element 60 comprising a roller is attached and this 
control element 60 is guided to said one concave 
portion 12. 

The control base 6 in this example is con- 
stituted with a case 61 having an opening in the 

40 direction of movable body 1 and a slide piece 62 
inserted so as to be possible to advance or retreat 
into said base 61 toward the direction of said 
movable body 1 . To the tip of slide piece 62, said 
control element 60 is attached freely to roll. Be- 

45 tween a screw 64 protruded from the rear end of 
case 61 and the slide piece 62, a spring 63 is 
allowed to lie and the control element 60 is 
pressed against said concave portion 12 by the 
resilience of this spring 63. 

so The resilience of spring 63 can be adjusted by 
a screw 64. 

The state shown in the diagrams is a state (soft 
state) wherein the shape memory alloy 4 resides in 
the martensite transformation. When the shape 
55 memory alloy 4 reaches a temperature to begin the 
austenite transformation (As point) due to the grad- 
ual rising in ambient temperature, the shape mem- 
ory alloy 4 increases gradually, the restoration 



6 



11 



EP 0 326 997 B1 



12 



force thereof (to the direction of contraction in this 
example) with a rise of temperature, but sine said 
control element 60 is pressed against the concave 
portion 12 by spring 63, said restoration force is 
balanced with a force summed up the bias force of 
the bias spring 5 and the friction etc. of the axis 2 
etc. toward the direction of rotation, and further it is 
accumulated until exceeding the resilience of 
spring 63. Hence, when the restoration force sur- 
passes and the control element 60 escapes from 
the concave portion 12 opposing against the resil- 
ience of spring 63, the movable body 1 rotates at a 
stroke in the direction of an arrow a in Fig. 1 and 
the stopper 14 of the movable body 1 runs against 
the case 61 of control base 6 to stop. At this time, 
a state is realized wherein the control element 60 
has been guided to other concave portion 13. 

On the other hand, when the shape memory 
alloy 4 reaches a temperature to begin the marten- 
site transformation (Ms point) due to the gradual 
lowering in ambient temperature, the alloy 4 be- 
comes gradually soft to lose the force thereof and 
does not work toward the direction of bias even if 
the force may decrease to less than the bias force 
of bias spring 5, but the bias force is accumulated 
until said bias force exceeds the resilience of 
spring 63 pressing the control element 60 against 
the concave portion 13. Hence, when the bias force 
exceeds said resilience and the control element 60 
escapes from said concave portion 13, the movable 
body 1 rotates at a stroke in the direction of an 
arrow b in Fig. 1 by the bias force accumulated 
and other stopper 15 of the movable body 1 runs 
against the case 61 to stop in the state shown in 
the diagrams. 

Example 2 

In this example, an example used said actuator 
for the driving for the display conversion of signs 
(road signs) will be illustrated referring to Fig. 3 
through Fig. 5. 

Between right and left side frames 70 and 70 
standing upright, a base plate 71 and a ceiling 
plate 72 are fixed and axes 21, 22 and 23 are 
pivoted freely to rotate to the base plate 71 and 
ceiling plate 72 at equal intervals. Top and bottom 
plates 81 and 82 of regular triangle are fixed to 
respective axes 21, 22 and 23 and, between these 
plates 81 and 82, two plates are fixed to constitute 
each displaying body 8 having a plurality of display 
planes 8a and 8b, respectively, which face to the 
circumferential direction of respective axes 21, 22 
and 23 and which form an angle of 60 degrees 
each other between adjacent ones. On the display 
planes 8a, 8a and 8a, a display well organized as a 
whole, for example, a display of "Beware of Freez- 
ing" is provided and, on other display planes 8b, 



8b and 8b, a display well organized as a whole, for 
example, a display of "Run with Care" is provided 
(The diagrams show the displays in Chinese char- 
acters). 

5 To the positions of respective axes 21 , 22 and 

23 being protruded downward from the base plate 
71, a gear wheel 24 is fixed, respectively, so as to 
be mutually transmitted and, at the same time, to 
the lower end of axis 21, a rope wheel 3 is fixed. 

10 Around this rope wheel 3 f wire ropes 41 and 51 are 
wound to connect the rope 41 to one end of the 
coil spring-shaped shape memory alloy 4 via a 
regular pulley 42 (Fig. 5) and to connect the rope 
51 to one end of the bias spring 5 via a regualr 

75 pulley 52. Other ends of the shape memory alloy 4 
and the bias spring 5 are fixed, respectively, to 
attachments 73 and 73 mounted to right and left 
side frames 70 and 70. 

To the lower end of axis 22, a movable body 1 

20 similar to that is siad Example 1 is fixed and a 
control base 6 similar to that in said Example 1 is 
attached to an attachment 7 fixed to the side frame 
70 so as to stand opposite to a small arc portion 11 
(Fig. 5) of the movable body 1. A roller-shaped 

25 control element 60 is attached to the rip of a slide 
piece 62 in this control base 6 and a state is 
realized, wherein this control element 60 is pressed 
against a concave portion 12 of said small arc 
portion 1 1 by a spring 63 pressed with an adjusting 

30 screw 64. 

Displaying bodies 8, 8 and 8 are fixed together 
with each side frame 70 to a case having a trans- 
parent plate in front, which is not shown in the 
diagrams. 

35 When using the actuator in accordance with 
the invention for the driving for the display conver- 
sion of signs in this way, the shape memory alloy 4 
having such a characteristic that the temperature at 
which the freezing of road is thawed is lower than 

40 the temperature to complete the austenite trans- 
formation (Af point) of shape memory alloy 4 and 
the temperature at which the road is frozen is 
higher than the temperature to complete the mar- 
tensite transformation (Mf point) of shape memory 

45 alloy 4 is used. 

When the air temperature rises and reaches a 
temperature at which the frozen road is thawed out, 
the control element 60 escapes from the concave 
portion 12 and simultaneously, by a force gen- 

50 erated when the shape memory alloy 4 is trans- 
formed to the austenite phase, the movable body 1 
rotates at a stroke so as to allow the axes 21, 22 
and 23 to rotate by 120 degrees resulting in the 
rapid conversion of a display in front on each 

55 display plane 8a to a display on each display plane 
8b. 

Moreover, when the temperature at the place of 
the installation falls further to a fixed temperature, 
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the bais force of bias spring 5 acts rapidly and 
each displaying body 8 rotates at a stroke in the 
reverse direction to that aforementioned resulting in 
the rapid conversion of a display on each display- 
ing body 8 to the state shown in the diagrams. 

Example 3 

Fig. 6 through Fig. 8 shown an other example 
used the actuator in Example 1 for the driving for 
the display conversion of signs. A transparent dis- 
play window 86 is provided to a sign board 85 in 
front of a case 83 supported by a pole 84 and, 
inside the case 83, an axis 25 is pivoted freely to 
rotate to the sign board 85 and a backside plate 
87. To this axis 85, a rotatable display disc 8' 
having a plurality of different coupled displays 8d 
and 8e on a surfacial display plane 8c is fixed to 
display selectively one of the different coupled 
displays 8d and 8e from the display window 86 
when rotating the rotatable display disc by 90 
degrees. 

The display disc 8' serves also as a rope 
wheel and, around this, a wire rope 41 is wound, to 
one end of which the shape memory alloy 4 is a 
connected and to other end of which a weight 5a is 
connected. 

The other end of the shape memory alloy 4 is 
connected to an attachment 43 fixed inside the 
case 83 and, at the same time, the weight 5a is so 
constituted that, when the shape memory alloy 4 
has been transformed to the martensite phase, it is 
placed on an attachment 53 mounted inside the 
case 83. 

To said axis 25, the movable body 1 is fixed on 
the backside of the display disc 8' and, facing to 
this movable body 1 , a control base 6 having same 
structure as in Example 1 is provided and said 
control base 6 is attached to the backside plate 87 
of the case 83. 

The rotatable displaydisc 8' rotates counter- 
clockwise by 90 degrees as in Fig. 7 when the 
shape memory alloy 4 is subject to the austenite 
transformation to convert the coupled display 8d in 
the display window 86 to other coupled display 8e 
and rotates clockwise by 90 degrees as in Fig. 7 
when the shape memory alloy 4 is subject to the 
martensite transformation to return the display in 
the display window 86 to other display 8d again. 

In this example, too, the rotation of rotatable 
display disc 8' is rapid to convert the display at a 
stroke. 

Example 4 

In the example aforementioned, the concave 
portions 12 and 13 wer provided to the movable 
body 1, but it is also possible to practice as fol- 



lows: As shown in Fig. 9, a control base 6 having a 
concave arc portion 65 is fixed to th machine 
frame 7a etc., concave portions 12 and 13 standing 
opposite to a movable body 1 are formed in this 

5 concave arc portion 85, and a case 16 opening 
toward the direction of said control base 6 is fixed 
to the movable body 1. At the same time, a slide 
piece 17 to advance or retreat in the direction of 
control base 6 is provided in the case 16 and, by 

w allowing this slide piece 17 to hold a control ele- 
ment 60 comprising a roller, the control element 60 
is provided on the side of the movable body 1 so 
that said control element 60 is pressed against the 
concave portions 12 and 13 by a spring 63 pressed 

75 with a screw 64. 

In this case, stoppers 14 and 15 are provided 
to the control base 6 and, when the movable body 
1 rotates, the case 16 attached to the side of 
movable body 1 runs against the stopper 14 or 15, 

20 thereby the working range of the movable body 1 
can be regulated in constitution. 

Since other constitution and function in this 
example are same as those in Example 1, the 
illustration thereof will be omitted. 

25 

Example 5 

In Example 1 aforementioned, the constitution 
was such that the control element 60 ran against 

30 the periphery of the movable body 1 f but, instead 
of such constitution, it is also possible to practice 
as follows: For example, as shown in Fig. 10 and 
Fig. 11, an axis 2 is attached freely to rotate to a 
fixed base 7b, a movable body 1 and a rope wheel 

35 3 are fixed to this axis 2, a control base 6 similar to 
that in Example 1 is fixed to the machine frame 7a 
etc. in a state of standing opposite to one face of 
said movable body 1 , and concave portions 1 2 and 
13 are formed in said one face of the movable 

40 body 1 separating each other at an interval cor- 
responding to the working range of said movable 
body 1 so that a control element 60 provided on 
the side of control base 6 is pressed against the 
concave portion 12 or 13 by a spring 63. 

45 In this example, stoppers 14 and 15 to form the 

working range of the movable body 1 are attached 
to suitable positions on said one face of the mov- 
able body 1. 

Since other constitution and function in this 

50 example are same as those in foregoing Example 
1, the illustration will be omitted. 

Example 6 

55 Further, instead of the structure in Fig. 10 and 

Fig. 1 1 f it is also possible to practice as follows: As 
shown in Fig. 12 and Fig. 13, a plate-shaped con- 
trol base 6 is fixed to the machine frame 7a etc. in 
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a state of standing opposite to one face of a 
movable body 1 and concave portions 12 and 13 
are formed in the face of the control base 6 stand- 
ing opposite to said movable body 1 . At th same 
time, a case 16 opening toward the direction of 
said control base 6 is fixed to the movable body 1 , 
a slide piece 17 being possible to advance and 
retreat in the direction of the control base 6 is 
provided in this case 16, and a roller-shaped con- 
trol element 60 is held to this slide piece 17 so that 
said control element 60 is pressed against the 
concave portion 12 by a spring 63 pressed with a 
screw 64. 

In the case of this example, stoppers 14 and 
15 to regulate the working range of the movable 
body 1 are provided to the control base 6. 

Since other constitution and function in this 
example are same as those in Example 5 shown in 
Fig. 10 and Fig. 11, the illustration will be omitted. 

Example 7 

In the actuators in respective examples afore- 
mentioned, the constitution was such that the con- 
trol element 60 was pressed against respective 
concave portions 12 and 13 by the spring 63, but, 
replacing such structure, it is also possible to prac- 
tice as follows: For example, as shown in Fig. 14, a 
roller-shaped control element 60 is attached freely 
to roll to the side of a movable body 1, a control 
base 6 is inserted freely to slide in the direction of 
said movable body 1 into an accommodating sec- 
tion 66, and concave portions 12 and 13 to which 
the control element 60 is guided are formed in the 
face of this control base 6 standing opposite to the 
movable body 1 so that the control base 6 is 
pressurized to the direction of the movable body 1 
by a spring 63 pressed with a screw 64 to press 
the concave portions 12 and 13 and the control 
element 60 against one another. 

In this example, an axis 2 is pivoted freely to 
rotate, for example, to the bottom of a housing 7c 
with base, the movable body 1 comprising a rotat- 
able disc is fixed to this axis 2, and said accom- 
modating section is formed inside the housing 7c. 
In this structure, stoppers 14 and 15 formed in the 
movable body 1 run against the tip of the accom- 
modating section 66 to regulate the working range 
of the movable body 1 . 

Moreover, the ends of the shape memory alloy 
4 and the bias spring 5 are fixed directly to the 
necessary positions of the movable body 1, re- 
spectively, and the other ends thereof are fixed to 
the necessary positions of the housing 7c, respec- 
tively. 

Since the function in this example is same as 
that in respective examples aforementioned, the 
illustration will be omitted. 



Example 8 

Fig. 15 and Fig. 16 show a still other example 
and the constitution is as follows: A rail-shaped 

5 control base 6 being on a fixed base 7b and having 
a groove is fixed and, into this control base 6, a 
movable body 1 with a predetermined length hav- 
ing flanges 1a and 1a in the bottom of both longitu- 
dinal sides is inserted freely to slide. Concave 

to portions 12 and 13 are provided to the bottom face 
of the movable body 1 separating each other at an 
interval corresponding to the working range of said 
movable body 1 , a spring 63 is inserted into a hole 
63 provided passing through the control base 6 

75 toward said movable body 1 , and a control element 
60 comprising a ball is held freely to roll to the tip 
of this spring 63 so that the spring 63 is com- 
pressed with a screw 64 from bottom to press the 
control element 60 against the concave portion 12 

20 or 13. 

To the movable body 1, wire ropes 41 and 51 
are connected. The other end of the wire rope 41 is 
connected to a shape memory alloy not shown in 
the diagrams and that of the wire rope 51 is con- 

25 nected to a bias spring not shown in the diagrams, 
respectively, so that the movable body 1 slides 
between stoppers 14 and 15 provided to the con- 
trol base 6 according to the predetermined change 
in temperature. 

30 In this example, the sliding work of the mov- 
able body 1 in two directions may be used as it is 
as a driving force, but the movable body 1 may be 
constituted rack-shaped and combined with a pin- 
ion 9 to convert to the driving force in the direction 

35 of rotation as shown in the diagrams. 

The mode to use the sliding work of the mov- 
able body 1 as it is as a driving force is suitable for 
the driving for the display conversion of signs 
wherein, for example, two different displays are 

40 given to the display disc sliding along a fixed guide 
and said display disc is allowed to work slidingly in 
two directions within a fixed range according to the 
change in temperature, thereby said two displays 
are made to display selectively from the display 

45 window of sings. 

Since other function in this example is same as 
that illustrated in Example 1, the illustration will be 
omitted. 

Moreover, in Example 8 shown in Fig. 15 and 
so Fig. 16, it is possible to provide the control element 
60 on the side of the movable body 1 and to 
provide the concave portions 12 and 13 on the side 
of the control base 6. 

55 Example 9 

Fig. 17 shows a still other example, wherein a 
frame 7b having standing walls 7d and 7e on both 
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sides if provided, a rod-shaped movable body 1 is 
pierced freely to slide through said standing walls 
7d and 7e, sword guard-shaped stoppers 14 and 
15 ar fixed to both ends of said movable body 1, 
and a sword guard-shaped control element 60 is 
fixed to the middle part. 

In a state of said movable body 1 being thus 
inserted, a coil spring-shaped shape memory alloy 
4 is equipped between the standing wall 7d and 
the control element 60 and, at the same time, a 
bias spring 5 is equipped between the standing 
wall 7e and the control element 60. 

An accommodating section 66 is formed in the 
inner bottom of the frame 7b, a control base 6 
being stoppable for coming off and slidable up and 
down is inserted into this accommodating section 
66 so as to face to the working range of the control 
element 60. Concave portions 12 and 13 are 
formed on the side of this control base 6 facing to 
said movable body 1 and separating each other at 
an interval corresponding to the working range of 
the movable body 1 and the control element 60 is 
guided to one concave portion 12 so that the 
conrol base 6 is pressed against the control ele- 
ment 60 by a spring 64. 

The shape memory alloy 4 in this example is 
manufactured to become longer when returning to 
the austenite phase due to the rising in tempera- 
ture and the restoration force at the time of return- 
ing to the austenite phase is accumulated until it 
becomes more than a predetermined value be- 
cause of the concave portion 12 being pressed 
against the control element 60 by the residence. 
When the restoration force becomes more than the 
predetermined value, the control element 60 
presses down the control base 6 and escapes from 
the concave portion 12 so that the movable body 1 
works at a stroke until the stopper 14 runs against 
the standing wall 7d. 

Also, when the shape memory alloy 4 is sub- 
ject to the martensite transformation, the force of 
the spring 5 is accumulated similarly and works at 
a stroke when the ambient temperature has been 
lowered to the predetermined value. 

In respective examples aforementioned, only 
the two-directional actuators were illustrated. With 
respect to the one-directional actuators, the dif- 
ference lies only in the absence of the concave 
portion 13 and the bias spring 5 or the weight, 
Since other structure and function are same as 
those in respective foregoing examples, the illustra- 
tion will be omitted. 

Example 10 

In Fig. 18 through Rg. 20, an axis 102 is 
attached freely to rotate in a fixed base 120 such 
as the machine frame, plate-shaped movable bod- 



ies 111 and 112 rotating together and being resem- 
blant to the cam are fixed to this axis 102 and, at 
the same time, a rope wheel 103 is fixed. 

Spring cases 104 and 105 are provided to fixed 

5 bases 140 and 150 such as the machine frame so 
as to stand opposite to each small are portion 101a 
of the movable bodies 111 and 112, springs 142 
and 152 are inserted into these spring cases 104 
and 105, respectively, in a state of being pressed 

70 from rear ends with adjusting screws 144 and 154, 
slidable holders 143 and 153 are provided to each 
tip of the springs 142 and 152, and, at the same 
time, control elements 141 and 151 comprising 
rollers and being held freely to roll to these holders 

75 143 and 153 are allowed to contact under pressure 
with said small arc portion 101a of the movable 
bodies 111 and 112. 

Around the rope wheel 103, ropes 161 and 171 
are wound so as to act in both directions. To the 

20 rope 161, one end of a coil spring-shaped shape 
memory alloy 106 is connected, other end of which 
is connected to an attachment not shown in the 
diagrams and, to the rope 171, a bias spring 107 is 
fixed, other end of which is connected to an attach- 

25 ment not shown in the diagrams. 

Hence, when the shape memory alloy 106 is 
transformed to the austenite phase, the movable 
bodies 111 and 112 rotate by 120 degrees in the 
direction of an arrow 4 in Rg. 19 and Rg. 20 and, 

30 when the shape memory alloy 106 is transformed 
to the martensite phase, the movable bodies 111 
and 112 rotate by 120 degrees in the direction of 
an arrow b in same diagrams. When rotating in this 
way, stoppers 101b and 101c formed at both ends 

35 of the small arc portion 101a of the movable bodies 

111 and 112 run against respective spring cases 
104 and 105, thereby the working range of the 
movable bodies in both directions are regulated at 
a fixed level. 

40 In the small arc portion 101a of the movable 

body 111, a concave portion 113 is formed so that, 
when the movable bodies 111 and 112 rotate in the 
direction of said arrow a, the control element 141 
contacted with said small arc portion 101a is guid- 
es ed. Moreover, in the small arc portion 101a of other 
movable body 112, a concave portion 114 is 
formed so that, when the movable bodies 1 1 1 and 

112 rotate in reverse direction, other control ele- 
ment 151 contacted with said arc portion 101a is 

so guided. 

In the state shown in the diagrams, the shape 
memory alloy 106 is transformed to the martensite 
phase. In this state, at a point of time when the 
shape memory alloy 106 reaches As point due to 

55 the rising in temperature in the environment of the 
installation of actuator and the restoration force 
generated on the shape memory alloy 106 exceeds 
the force of the bias spring 107 added the force of 
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the spring 152 acting on the concave portion 114 
of the movable body 112 (however, the friction 
between other components exerting on the rope 
wheel 103 is neglected) due to the further rising in 
temperature, the control element 151 escapes from 
said concave portion 114 and the force having 
been accumulated in the concave portion 114 acts 
at a stroke to rotate rapidly the movable bodies 

111 and 112 in the direction of arrow a and to allow 
other control element 141 to come into the concave 
portion 1 13 formed in the movable body 111. 

On the other hand, at point of time when the 
shape memory alloy 106 reaches Ms point due to 
the lowering in temperature in the environment and 
the force of the bias spring 1 07 added the force of 
the spring 142 acting on the concave portion 113 
of the movable body 1 1 1 exceeds the force of the 
shape memory alloy 106 decreasing by the trans- 
formation (however, the friction between other com- 
ponents exerting on the rope wheel 103 is ne- 
glected) due to the further lowering in the tempera- 
ture, the control element 141 escapes from said 
concave portion 113 and the force having been 
accumulated in the concave portion 113 acts at a 
stroke to rotate rapidly the movable bodies 1 1 1 and 

112 in the direction of arrow b and to allow the 
control element 151 to come into the concave 
portion 114 formed in the movable body 112 as in 
Fig. 20. 

With the actuator in said example, by adjusting 
the resilience against respective control elements 
141 and 151 controlling the work of respective 
movable bodies 111 and 112 with respective ad- 
justing screws 144 and 154, the temperature at 
which the force of the shape memory alloy 106 
increasing or decreasing with the change. in tem- 
perature and the bias force added the damping 
force of respective control elements against the 
movable body 111 or 112 (however, the friction 
between other components exerting on the rope 
wheel 103 is neglected) are balanced, i.e. the work- 
ing temperature of the movable bodies 111 and 
112 in both directions can be adjusted arbitrarily 
within a fixed range, thereby the temperature hys- 
teresis of the shape memory alloy can be over- 
come. 

For example, in Fig. 32, assuming that the 
force generated on the shape memory alloy and 
the bias force are balanced at a temperature Tw 
between As point and Af point at the time of 
temperature rising, through the adjustment of resil- 
ience to each control element with said each ad- 
justing screw, it is possible to allow the force Ph 
generated on the alloy to balance with the bias 
force at the temperatur Tw when temperature 
rises and to allow the force Pc of the alloy to 
balance with the bias force at same temperature 
Tw also when temperature falls to work the mov- 



able body in both directions at same temperature. 

Moreover, generally, with the actuator used the 
shape memory alloy, the increase or the decrease 
in force generated on the alloy or damped pro- 

5 gresses gradually when the change is slow as in 
the air temperature, thereby the working is slow. 
With the actuator in said example, however, the 
force acting in both directions is accumulated until 
the temperature in the environment of the installa- 

70 tion reaches the working temperature adjusted as 
above and works rapidly when having reached said 
temperature, thereby the object matters can be 
worked at a stroke even if the environment may be 
slow in the change in temperature. From above, in 

75 the cases of signs which require a quick alteration 
to different display at a fixed temperature depend- 
ing on the change in temperature as the road signs 
in cold areas, the actuator is suitable as a driving 
device for the display conversion thereof. 

20 Further, in the case of the actuator in said 
example* it is possible to mass-produce the mov- 
able body in a fixed shape and to adjust the 
working temperature with adjusting screw meeting 
the type and the characteristic of shape memory 

25 alloy to be used therefore. Hence, such an actuator 
that the working temperature is adjustable more 
easily can be provided compared with the case to 
adjust, for example, by altering the depth of said 
concave portion. 

30 

Example 11 

Next, referring to Fig. 21 and Fig. 22, with 

respect to an example used said actuator for the 
35 driving for the display conversion of signs (road 

signs), the illustration will be omitted since it is 

similar to the case in Example 2. 

In the case of this example, however, it is 

further possible to adjust and establish more strict- 
40 ly and easily the working temperature of each 

displaying bory 108 for conversion by respective 

adjusting springs 144 and 154. 

Example 12 

45 

In said example 10, the structure was that the 
concave portions 113 and 114 were provided to 
two movable bodies 111 and 112 and the control 
elements 141 and 151 were allowed to contact 

so under pressure with these separate movable bod- 
ies 111 and 112, respectively, but, in the case of 
the range of angle worked by the movable body 
being small, it is also possible to practice, as 
shown in Fig. 24(a), in way that one movable body 

55 101 is attached to an axis 102, two (or a plurality 
of) small arc portions 101 a and 101a are formed in 
the movable body 101 and, at the same time, 
spring cases 104 and 105 similar to those in said 
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Example 10 are fixed to supporting bases 140 and 

150 so as to stand opposite to these arc portions 
101a and 101a, respectively. 

In the case of this example, a control el ment 
141 in a spring case 104 is allowed to contact 
under pressure with one small arc portion 101a 
and, at the same time, a concave portion 113, to 
which said control element 141 is guided when the 
movable body 101 works due to the austenite 
transformation of shape memory alloy 106, is 
formed. While, a control element 151 is a spring 
case 105 is allowed to contact under pressure with 
other small arc portion 101a and, at the same time, 
a concave portion 114, to which said control ele- 
ment 151 is guided when the movable body 101 
works due to the martensite transformation of 
shape memory alloy 106, is formed. And, similarly 
to said example, stoppers 101b and 101c are pro- 
vided at both ends of respective arc portions 101a 
and 101a. 

Even when the range of angle in which the 
movable body 101 rotates is large, if forming re- 
spective small arc portions 101a and 101a con- 
tacted with respective control elements 141 and 

151 in two steps of top and bottom for the same 
movable body 101, it is possible to constitute ap- 
proximately same as this example. 

It is also possible to make an angle $ larger 
than the reciprocating working range (WR) as 
shown in Fig. 24(b) and to provide two concave 
portions 113 and 114 and stoppers 101b and 101c 
as the diagram shows. Moreover, as shown in Fig. 
24(c), it is also possible to eliminate one concave 
portion 113 by using two control elements 141 and 
151 provided extending by the reciprocating work- 
ing angle (WR). 

The actuators in Fig. 24(a), (b) and (c) are in a 
state of the shape memory alloy 106 having been 
subject to the martensite transformation. Since oth- 
er constitution and function are same as those in 
said Example 10, the illustration thereof will be 
omitted. 

Example 13 

In the actuators in respective examples afore- 
mentioned, the spring cases 104 and 105 were 
attached to the supporting bases 140 and 150, but 
instead of this structure, it is also possible to prac- 
tice as follows : For example, as shown in Fig. 25, 
a movable body 101 is attached to an axis 102, 
spring cases 104 and 105 having similar structure 
to those in said Example 10 are attached to this 
movable body 101 and, at the same time, a plural- 
ity of control bases 109 and 109a are attached to 
the supporting base 190 etc. so as to stand op- 
posite to the outer circumference of the movable 
body 101. With concave arc portions 191 and 109b 



of respective control bases 109 and 109a, control 
elements 141 and 151 in spring cases 104 and 105 
are contacted under pressure, respectively, a con- 
cave portion 113, to which one control element 141 

5 is guided when the movable body 101 is subject to 
the austenite transformation of the shape memory 
alloy 106, is formed in the concave arc portion 191 
of one control base 109, and a concave portion 
114, to which other control element 151 is guided 

io when the movable body 101 is subject to the 
martensite transformation of the shape memory 
alloy 106, is formed in the concave arc portion 
109b of other control base 109a. 

In this case, the stoppers 101b and 101c are 

75 provided to the control base 109 and 109a and the 
spring cases 104 and 105 attached to the movable 
body 101 are allowed to run against the stoppers 
101b and 101c, respectively, when the movable 
body 101 rotates, thereby the working range of the 

20 movable body 101 is regulated in constitution. 

The control bases 109 and 109a may be con- 
stituted unitizing both. For example, if fixing the 
spring cases 104 and 105 to the movable body 101 
so as to be different in level, respectively, with the 

25 main point that the spring case 104 is attached to 
one face of the movable body 1 and the spring 
case 105 is attached to other face thereof and if 
providing the control bases 109 and 109a standing 
opposite to respective spring cases 104 and 105, it 

30 is possible to practice even though the range of 
angle in which the movable body 101 rotates may 
be large. 

Since other constitution and function in the 
example shown in this Fig. 25 are same as those in 

35 Example 10, the illustration will be omitted. 

The structure to attach the spring cases on the 
side of the movable body as in Fig. 25 can be 
applied to the case when providing a plurality of 
movable bodies 111 and 112 as in said Example 

40 10. In this case, the spring cases 104 and 105 are 
fixed to the movable bodies 111 and 112, respec- 
tively, and the control bases 109 and 109a as 
above are provided standing opposite to said 
spring cases 104 and 105, or one control base 

45 being long in top and bottom directions and having 
a concave arc face to stand opposite to said spring 
cases 104 and 105 is provided. 

Example 14 

so 

In respective examples aforementioned, the 
constitution was that the control elements were 
contacted with the periphery of the movable bodies 
111, 112 and 101, the control base 109 or the like. 
55 But, it is also possible to practic , for example, as 
shown in Fig. 26, in a way that spring cases 104 
and 105 are fixed to supporting bases 140, 150 etc. 
so as to stand opposite to the face of the movable 
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bodies 111, 112, 101, etc. at a fixed angle and 
control elements 141 and 151 in said cases 104 
and 105 are contacted under pressure with the 
movable bodies 111, 112, 101, etc. or, as shown in 
Fig. 27, in a way that spring cases 104, 105, etc. 
are fixed to the movable bodies 111, 112, 101, etc. 
in the perpendicular direction, a control base 109 
standing opposite to the movable bodies 111, 112, 
101 etc. is provided, and control elements 141 and 
151 are allowed to contact under pressure with the 
face of this control base 109. 

In the example in Fig. 26, for example, when 
the control elements 141 and 151 are allowed to 
contact under pressure with one movable body 
101, it is desirable to constituted in a way that the 
control elements 141 and 151 are contacted with 
the movable body 101 at positions each separated 
at a different interval from the axial center of rota- 
tion. 

Also, in the example of Fig. 27, when the 
spring cases 104 and 105 are attached to the 
movable body 101 toward the same direction, it is 
desirable to constitute in a way that one control 
base 109 with wider area is provided so as to stand 
opposite to the movable body 1 and respective 
control elements 141 and 151 are contacted with 
the control base 109 at positions each separated at 
a different interval from the extension line of the 
axial center of rotation of movable body 101. 

Further, in the same actuator, if different con- 
trol elements 141 and 151 are contacted under 
pressure each separately with the movable body or 
the control base, respective spring cases may safe- 
ly be attached in different directions in such ways 
that one spring case 104 is provided in horizontal 
direction and other spring case 105 is provided in 
vertical direction, and the like. 

Moreover, it may also safely be made to pro- 
vide one control element on the side of movable 
body and other control element on the fixed side 
combining the control bases therewith at relative 
positions on the fixed side and movable side, re- 
spectively. 

Example 15 

Fig. 28 through Fig. 30 show a still other exam- 
ple. A rail-shaped control base 109 being on the 
supporting base not shown in the diagrams and 
having a groove is fixed, a movable body 101 with 
a fixed length having flanges 101d and 1 01d in the 
bottom of both sides in the longitudinal direction is 
inserted freely to slide into this control base 109, 
two holes are formed at same positions in the 
transverse direction of the control base 109 pierc- 
ing therethrough toward said movable body 101 to 
constitute spring cases 104 and 105, and springs 
142 and 152 are inserted into these spring cases 



104 and 105. At the same time, said springs 142 
and 1 52 are press d with adjusting scr ws 1 44 and 
154 pushed into from the backside of the control 
base 109 and control el ments 141 and 151 com- 
5 prising balls at the tip of the springs 142 and 152 
are contacted under pressure with the movable 
body 101. 

Wire ropes 161 and 171 are connected to both 
ends of the movable body 101, the wire rope 161 

w and the wire rope 171 are connected to the shape 
memory alloy and the bias spring both not shown 
in the diagrams, respectively, and the movable 
body 101 slides between stoppers 101b and 101c 
provided to the control base 109 depending on the 

75 predetermined change in temperature. 

Moreover, in the movable body 101, a concave 
portion 113, to which the control element 141 is 
guided when said movable body 101 works to the 
right as in Fig. 30, and a concave portion 114, to 

20 which the control element 151 is guided as in Fig. 
28 when the movable body 101 works to the left, 
are formed, respectively. When the environmental 
temperature rises and reaches a fixed established 
temperature and the shape memory alloy not 

25 shown in the diagrams and connected to the wire 
rope 1 61 is subject to the austenite transformation, 
the control element 151 escapes from the concave 
portion 1 1 4 to work rapidly in the right direction as 
in Fig. 28 until the movable body 101 runs against 

30 the stopper 101b, and simultaneously, other control 
element 141 is guided to other concave portion 
113. When the temperature falls to a fixed estab- 
lished temperature and said shape memory alloy is 
subject to the martensite transformation, the control 

35 element 141 escapes from the concave portion 113 
to return rapidly the movable body 101 to the state 
shown in the diagram. 

In this example, the sliding work of the mov- 
able body 101 in two directions may be utilized as 

40 it is as a driving force, but, as shown in the 
diagram, the movable body 101 may be constituted 
rack-shaped and a pinion 115 is combined with this 
to convert the driving force to the rotational direc- 
tion. 

45 When utilizing the sliding work of the movable 
body 101 as it is as a driving force, the actuator is 
suitable for the driving for the display conversion of 
signs, wherein, for example, two different displays 
are given to a display disc sliding along a fixed 

so guide and, by allowing said display disc to work 
slidingly in two directions within a fixed range de- 
pending on the change in temperature, said two 
displays are allowed to appear selectively from the 
display window of signs. 

55 Since other function in this example is same as 

that illustrated in Example 10, the illustration will be 
omitted. 

Moreover, in the example shown in Fig. 28 and 
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Fig. 29, the control elements 141 and 151 and the 
concave portions 113 and 114 can be provided on 
the side of the movable portion 101 and on the 
side of the control base 109, respectively. In this 
case, the spring cases 104 and 105 are provided 
downward on both sides of the movable body 101 
and respective control elements are allowed to 
contact with both sides of the control base 109. 

Example 16 

Fig. 31 shows still more other example. In this 
constitution, a supporting frame 110 having stand- 
ing walls 101e and 101f on both sides is provided, 
a rod-shaped movable body 1 01 is allowed to pass 
freely to slide through the standing walls 101e and 
101f, sword guard-shaped stoppers 101b and 101c 
are fixed to both ends of said movable body 101, 
and a sword guard-shaped control element 145 is 
fixed to the middle part thereof. 

In a state of said movable body 1 01 being thus 
inserted, a coil spring-shaped shape memory alloy 
106 is equipped between the standing wall 101e 
and the control element 145 and, at the same time, 
a bias spring 107 is equipped between the stand- 
ing wall I01f and the control element 145. 

Spring cases 104 and 105 are provided to the 
bottom of the frame 110, springs 142 and 152 
pressed with adjusting screws 144 and 154 are 
inserted into these spring cases 104 and 105, and 
a control base 109 is allowed to contact under 
pressure with said control element 145 with these 
springs 142 and 152. A concave portion 114, to 
which the control element 145 is guided when the 
movable body 101 works to the left in said dia- 
gram, and a concave portion 113, to which the 
control element 145 is guided when the movable 
body 101 works to the right in said diagram, are 
formed in said control base 109 so that the resil- 
ience of the control base 109 against the control 
element 145 can be adjusted each separately at 
the position of the concave portions 113 and 114. 

The shape memory alloy 106 in this example is 
manufactured to become longer when subject to 
the austenite transformation due to the rising of 
temperature and, if the environmental temperature 
rises to a fixed established temperature and the 
shape memory alloy 106 is subject to the austenite 
transformation, the control element 145 escapes 
from the concave portion 114 to work the movable 
body 101 at a stroke to the right in said diagram 
and, at the same time, the control element 145 is 
guided to the concave portion 113. If the envi- 
ronmental temperature falls to a fixed temperature 
and the shape memory alloy 106 is subject to the 
martensite transformation, the control element 145 
escapes from the concave portion 113 to work the 
movable body 101 at a stroke to the left in said 



diagram and to return it to the state shown in the 
diagram. It is desirable to constitute the contact 
portion of the control element 145 with the control 
base 1 09 in this example with a roller or ball. 

5 Since other function in the example shown in 

Fig. 31 is same as that in Example 10, the illustra- 
tion will be omitted. 

With the one-directional actuator in accordance 
with the invention, the restoration force when the 

10 shape memory alloy is transformed to the austenite 
phase is accumulated until it becomes a fixed 
value. The actuator works rapidly therefore even in 
an environment, the change in temperature being 
slow as the cases of air temperature and room 

75 temperature. 

Moreover, with the two-directional actuator in 
accordance with the invention, two-directional force 
is accumulated until it becomes fixed value and the 
actuator acts at a stroke when becoming more than 

20 a fixed value making it possible to work rapidly 
even in an environment, the change in temperature 
being slow. 

Hence, when using these as the driving de- 
vices for the display conversion of signs, the dis- 

25 play is converted rapidly and no half way display 
appears on the way. 

With the improved type two-directional actu- 
ators in accordance with the invention, the forces to 
work the movable body at the time of temperature 

30 rising and at the time of temperature lowering are 
adjusted each separately with the adjusting screws, 
thereby the working temperature of actuator at the 
time of temperature rising can be established ar- 
bitrarily and easily within a range from a tempera- 

35 ture, at which the shape memory alloy begins to be 
transformed to the austenite phase and the force 
generated thereon is balanced with the bias force 
etc., to a temperature, at which the shape memory 
alloy reaches the At point, and the working tem- 

40 perature of actuator at the time of temperature 
lowering can also be established arbitrarily and 
easily within a range from a temperature, at which 
the force damped in the process of the shape 
memory alloy being transformed to the martensite 

45 phase is balanced with the bias force etc. to the Mf 
point. Hence, the effect of the temperature hyster- 
esis of shape memory alloy can be removed with a 
simple structure. 

Furthermore, with the actuators in accordance 

50 with the invention, the movable body can be 
worked rapidly in both directions even in an envi- 
ronment, the change in temperature being slow as 
the case of air temperature. Hence, with respect to 
the signs which require to convert rapidly the dis- 
ss play when the air temperature having become a 
fixed temperature as wih the road signs, the ac- 
tuators are optimal for the driving for conversion. 
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Claims 

1. An actuator using the effect of shape memory 
alloy, particularly for the display of exchange- 
able signs, the actuator comprising a spring 
shaped member (4,106) made of a shape 
memory alloy tending to move a movable 
body (1,101) into a first direction by the res- 
toration force to the memorized shape at the 
time of temperature rising, a control base 
(6,109) being provided standing opposite to at 
least a part of said movable body, at least one 
recess (12,13:113,114) being provided in one 
of said movable body (1) and said control base 
(6,109), a control element (60) being biased to 
enter into the recess (12,13), characterized in 
that the recess is a concave portion (12,13) 
being so shaped that it forms a cam engaged 
with the control member (60) to inhibit relative 
movement of the movable member (1,101) 
with respect to the control base (6,109) until 
the biasing force of the control member (60) is 
overcome by the restoration force of the shape 
memory alloy. 

2. Actuator as claimed in claim 1 , characterized 
in that the control element is a roller or ball 
(60,141,151). 

3. Actuator as claimed in claim 1 or 2, char- 
acterized by a bias spring or weight (5,107) 
tending to move the movable member (1,101) 
into a second direction at the time of tempera- 
ture lowering, two concave portions 
(12,13;113,114) being provided on one of said 
movable body (1,101) and said control base 
(6,109) at an interval corresponding to the 
working range of the movable body, the control 
element (60) being arranged such that it may 
enter into either one of the concave portions 
depending on the position of the movable 
body. 

4. Actuator as claimed in claim 3, characterized 
in that the movable body (1) is formed by a 
rotatable plate rotatable into both directions 
within a fixed angle, the concave portions 
(12,13;113,114) being formed on said movable 
body on a concentric circle with the center of 
rotation thereof. 

5. Actuator as claimed in one of claims 1 to 3, 
characterized in that a case (16) is provided 
on the movable body (1) for guiding a slide 
piece (17) carrying the roller or ball 
(60,141,151), the concave portions (12,13) be- 
ing formed on the control base (6) fixed in an 
immovable state opposite to the rotating locus 



of the roller or ball. 

6. Actuator as claimed in one of claims 1 to 3, 
characterized in that the control element 

5 comprising a roller or ball (60) is mounted to 

the movable body (1) to be rotatable therewith 
into both directions within a fixed angle, the 
control base (6) being provided opposite to the 
rotating locus of the control element and hav- 

70 ing the concave portions (12,13), the control 

base being biased against the control element. 

7. Actuator as claimed in one of claims 1 to 3, 
characterized in that a rod-shaped movable 

75 body (1,101) is provided so as to work re- 

ciprocatively in longitudinal direction within a 
fixed range, the control element (60) being 
provided on the movable body and the control 
base (6) being provided facing to the working 

20 range of the control element so that said con- 

trol element and said concave portion (12,13) 
are pressed against one another with a spring 
in a state of said control element being guided 
to one of the concave portions (12,13) of the 

25 control base. 

8. Actuator as claimed in one of claims 4 to 8, 
characterized In that the resilience of the 
spring (63,142,152) pressing the concave por- 

30 tion (12,13:113,114) and the control element 

(60) against one another is adjustable, prefer- 
ably by an adjusting screw (64). 

9. Actuator as claimed in one of claims 1 to 8, 
35 characterized by a plurality of movable bod- 
ies (111,112) being driven as a unit by the 
member (106) made of a shape memory alloy 
each of the movable bodies being contacted 
by a control member (60,141,151) engaging 

40 with concave portion of the movable members. 

10. Actuator as claimed in one of claims 1 to 8, 
characterized by a plurality of control ele- 
ments (141,151) being in contact with one 

45 movable body (101). 

11. Actuator as claimed in one of claims 1 to 8, 
characterized by a plurality of movable bod- 
ies (111,112), a control base (6) standing op- 

50 posite to each movable body, control elements 
(141,151) being provided on each of said mov- 
able bodies. 

Patentanspruche 

55 

1. Betatigungsorgan mit einer Formgedachtnisle- 
gierung, insbesondere zur Anzeige von aus- 
wechselbaren Zeichen, mit einem federformi- 
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gen Bauteil (4,106) aus einer Formgedachtnis- 
legierung, das bestrebt ist, einen beweglichen 
Korper (1,101) in eine erste Richtung durch die 
Ruckstellkraft in die im Gedachtnis befindliche 
Form zum Zeitpunkt des Temperaturanstiegs 
zu bewegen, mit einer Steuerbasis (6,109) ge- 
gentiber wenigstens einem Teil des bewegli- 
chen Korpers, wenigstens einer Ausnehmung 
(12,13; 113,114) in dem beweglichen Korper 
(1) Oder der Steuerbasis (6,109), und einem 
Steuerelement (60), das in die Ausnehmung 
(12,13) federnd vorgespannt ist, dadurch ge- 
kennzeichnet, daB die Ausnehmung ein kon- 
kaver Bereich (12,13) ist, der so geformt ist, 
daB er eine Nockenkurve bildet, die mit dem 
Steuerelement (60) derart zusammenwirkt, daB 
eine relative Bewegung des beweglichen Bau- 
teils (101) in bezug auf die Steuerbasis (6,109) 
verhindert wird, bis die Vorspannkraft des 
Steuerelements (60) durch die RUckstellkraft 
der Formgedachtnislegierung uberwunden 
wird. 

2. Betatigungsorgan nach Anspruch 1, dadurch 
gekennzeichnet, daB das Steuerelement eine 
Rolle Oder eine Kugel (60,141,151) ist. 

3. Betatigungsorgan nach Anspruch 1 Oder 2, ge- 
kennzeichnet durch eine Vorspannfeder Oder 
ein Vorspanngewicht (5,107), das bestrebt ist, 
das bewegliche Bauteil (1,101) in eine zweite 
Richtung zu einem Zeitpunkt der Temperatur- 
abnahme zu bewegen, mit zwei konkaven Be- 
reichen (12,13; 113,114) an dem beweglichen 
Korper (1,101) Oder der Steuerbasis (6,109) in 
Abstanden, die dem Arbeitsbereich des be- 
weglichen Korpers entsprechen, welches Steu- 
erelement (60) derart angeordnet ist, daB es in 
einen der beiden konkaven Bereiche in Abhan- 
gigkeit von der Position des beweglichen Kor- 
pers eintritt. 

4. Betatigungsorgan nach Anspruch 3, dadurch 
gekennzeichnet, daB derbewegliche Korper 
(1) durch eine drehbare Platte gebildet ist, die 
in beide Richtungen Ober einen festen Winkel 
drehbar ist, und daB die konkaven Bereiche 
(12,13; 113.114) auf dem beweglichen Korper 
auf einem konzentrischen Kreis in bezug auf 
die Drehachse gebildet sind. 

5. Betatigungsorgan nach einem der Ansprtjche 1 
bis 3, dadurch gekennzeichnet, daB ein Ge- 
hause (16) an dem beweglichen Korper (1) 
vorg sehen ist, das ein Gleitstuck (17) fuhrt, 
das die Rolle Oder die Kugel (60,141,151) 
tragt, und daB die konkaven Bereiche (12,13) 
an der Steuerbasis (6) unbeweglich gegenGber 



der Rotationsbahn der Rolle Oder der Kugel 
ausgebildet sind. 

6. Betatigungsorgan nach einem der AnsprUche 1 
5 bis 3, dadurch gekennzeichnet, daB das 

Steuerelement, das eine Rolle oder eine Kugel 
(60) umfaBt, an dem beweglichen Korper (1) 
angebracht und mit diesem im beide Richtun- 
gen innerhalb eines festen Winkels drehbar ist, 
w und daB die Steuerbasis (6) gegenuber der 

Rotationsbahn des Steuerelements angeordnet 
ist und die konkaven Bereiche (12,13) aufweist, 
welche Steuerbasis gegen das Steuerelement 
federnd vorgespannt ist. 

75 

7. Betatigungsorgan nach einem der Anspruche 1 
bis 3, dadurch gekennzeichnet, daB ein stan- 
genformiger beweglicher Korper (1,101) vorge- 
sehen ist, der hin- und hergehend in Langs- 

20 richtung uber einen festen Bereich beweglich 

ist, dai3 das Steuerelement (60) auf dem be- 
weglichen Korper vorgesehen ist, und daB die 
Steuerbasis (6) dem Arbeitsbereich des Steu- 
erelements derart gegenUberliegt, daB das 

25 Steuerelement und der konkave Bereich 

(12,13) gegeneinander mit Hilfe einer Feder 
gedruckt werden in einer Stellung des Steuer- 
elements, bei der das Steuerelement zu einem 
der konkaven Bereiche (12,13) der Steuerbasis 

30 gefuhrt ist. 

8. Betatigungsorgan nach einem der Anspruche 4 
bis 8, dadurch gekennzeichnet, daB die Ela- 
stizitat der Feder (63,142,152), die die konka- 

35 ven Bereiche (12,13; 113,114) und das Steuer- 

element (60) gegeneinanderspannt, einstellbar 
ist, vorzugsweise mit einer Einstellschraube 
(64). 

40 9. Betatigungsorgan nach einem der Anspruche 1 
bis 8, gekennzeichnet durch eine Anzahi von 
beweglichen KQrpern (111,112), die als eine 
Einheit durch ein Bauteil (106) aus einer Form- 
gedachtnislegierung angetrieben werden, und 

45 daB jeder bewegliche Korper durch ein Steuer- 

element (60,141, 151) beruhrt wird, das in kon- 
kave Bereiche der beweglichen Bauteile ein- 
greift. 

so 10. Betatigungsorgan nach einem der AnsprGche 1 
bis 8, gekennzeichnet durch eine Anzahi von 
Steuerelementen (141,151), die mit einem be- 
weglichen Bauteil (101) in Beruhrung stehen. 

55 11. Betatigungsorgan nach einem der Anspruche 1 
bis 8, gekennzeichnet durch eine Anzahi von 
beweglichen Korpern (111,112), eine Steuerba- 
sis (6), die jedem der beweglichen Korper ge- 
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genGbersteht, und Steuerelemente (141,151), 
die an jedem beweglichen Korper vorgesehen 
sind. 

Revendicattons 

1. Dispositif d'actionnement utilisant Peffet d'un 
alliage doue de m^moire de forme, en parti- 
culier pour I'affichage de signes pouvanl etre 
echanges, le dispositif d'actionnement compor- 
tant un element en forme de ressort (4, 106) 
realise* en un aliiage doue de m£moire de 
forme tendant a deplacer un corps deplagable 
(1, 101) dans une premiere direction sous Tac- 
tion de la force de restauration a la forme 
m§moris6e a Pinstant d'une elevation de tem- 
perature, une platine de commande (6, 109) 
etant prevue en vis-a-vis d'au moins une partie 
dudit corps deplagable, au moins un evide- 
ment (12, 13 ; 113, 114) etant menage dans 
Tun dudit corps deplagable (1) et ladite platine 
de commande (6, 109), un element de com- 
mande (60) etant sollicite pour penetrer dans 
I'evidement (12, 13), caracterise en ce que 
Pevidement est une partie concave (12, 13) de 
forme telle qu'il constitue une came en contact 
avec Tenement de commande (60) pour emp§- 
cher un mouvement relatif de Peiement depla- 
gable (1, 101) par rapport a la platine de 
commande (6, 1 09) jusqu'a ce que la force de 
sollicitation de I'element de commande (60) 
soit surmontee par la force de restauration de 
Palliage doue* de me* moire de forme. 

2. Dispositif d'actionnement selon la revendica- 
tion 1, caracterise en ce que I'element de 
commande est un galet ou une bille (60, 141, 
151). 

3. Dispositif d'actionnement selon la revendica- 
tion 1 ou 2, caracterise par un ressort ou un 
poids de sollicitation (5, 107) tendant a depla- 
cer I'element deplacable (1, 101) dans une 
seconde direction a I'instant d'un abaissement 
de la temperature, deux parties concaves (12, 
13 ; 113, 114) etant pr^vues sur Tun dudit 
corps deplagable (1, 101) et de ladite platine 
de commande (6, 109) selon un intervalle cor- 
respondent a la plage de travail du corps de- 
plagable, I'element de commande (60) etant 
agence de telle sorte qu'il peut penetrer dans 
I 'une ou I'autre des parties concaves selon la 
position du corps deplagable. 

4. Dispositif d'actionnement selon la revendica- 
tion 3, caracterise en ce que le corps deplaga- 
ble (1) est constitue par une plaque rotative 
pouvant tourner dans les deux directions a 



Pinterreur d'un angle fixe, les parties concaves 
(12, 13 ; 113, 114) etant realisees sur ledit 
corps deplagable sur un cercle concentrique 
au centre de rotation de celui-ci. 

5 

5. Dispositif d'actionnement selon Pune des re- 
vendications 1 a 3, caracterise en ce qu'un 
boltier (16) est prevu sur le corps deplagable 
(1) pour guider une coulisse (17) portant le 

70 galet ou la bille (60, 141, 151), les parties 
concaves (12, 13) etant realisees sur la platine 
de commande (6) fixe dans un 6tat immobile 
en vis-a-vis du lieu de rotation du galet ou de 
la bille. 

75 

6. Dispositif d'actionnement selon Tune des re- 
vendications 1 a 3, caracterise en ce que 
I'element de commande comportant un galet 
ou une bille (60) est monte sur le corps depla- 

20 gable (1) pour pouvoir tourner avec lui dans 

les deux directions a Pinterieur d'un angle fixe, 
la platine de commande (6) etant prevue en 
vis-a-vis du lieu de rotation de Peiement de 
commande et possedant les parties concaves 

25 (12, 13), la platine de commande etant sollici- 

tee vers Peiement de commande. 

7. Dispositif d'actionnement selon I'une des re- 
vendications 1 a 3, caracterise en ce qu'un 

30 corps deplagable en forme de tige (1, 101) est 
prevu de maniere a agir en va-et-vient dans le 
sens longitudinal a I'interieur d'une plage fixe, 
Peiement de commande (60) etant prevu sur le 
corps deplagable et la platine de commande 

35 (6) etant prevue en vis-a-vis de la plage de 

travail de Peiement de commande.de sorte que 
Telement de commande et ladite partie conca- 
ve (12, 13) sont presses Tun contre I'autre par 
un ressort dans un etat dudit element de com- 

40 mande guide vers Pune des parties concaves 
(12, 13) de la platine de commande. 

a Dispositif d'actionnement selon Pune des re- 
vendications 4 a 8, caracterise en ce que 
45 Pelasticite du ressort (63, 142, 152) poussant la 

partie concave (12, 13 ; 113, 114) et Peiement 
de commande (60) Pun contre Pautre.est regla- 
ble, de preference a Paide d'une vis de regla- 
ge (64). 

50 

9. Dispositif d'actionnement selon Pune des re- 
vendications 1 a 8, caracterise par une plurali- 
te de corps deplagables (111, 112) entraibes 
en bloc par I'element (106) realise en un allia- 
55 ge doue de memoire de forme, chacun des 

corps deplagables etant mis en contact d'un 
element de commande (60, 141, 151) coope- 
rant avec une partie concave des elements 
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dSplagables. 

10. Dispositif d'actionnement selon Tune des re- 
vendications 1 a 8, caracterise par une plurali- 
ty d'elements de commande (141, 151) se 5 
trouvant en contact d'un corps deplagable 
(101). 

11. Dispositif d'actionnement selon Tune des re- 
vendications 1 k 8, caracteVise" par une plurali- w 
te de corps deplagables (111,112), une platine 

de commande (6) se trouvant en vis-&-vis de 
chaque corps depiagable, des elements de 
commande (141, 151) 6tant preVus sur chacun 
desdits corps deplagables. 75 
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Fig . 4 
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Fig . 6 
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Fig .7 
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Fig . 9 
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Fig . 14 
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Fig . 15 
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Fig . I9 
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Fig . 21 
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Fig . 22 
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Fig. 24(a) 
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Fig .26 
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Fig .30 
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